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Introduction 
Injuries are among the leading causes of death and disability in the world and 
constitute a world-wide health problem.
1,2 Injuries affect mostly young 
people.
2,3 In the Netherlands, the highest number of injuries requiring medical 
treatment per year per 1000 persons has been evaluated for children and 
young adults.
3 Severe and fatal injuries are particularly associated with traffic 
accidents.
2,3 This thesis focuses on children injured in traffic accidents. 
  The impact of traffic accidents on children has long been illustrated by 
mortality statistics. Mortality reflects the seriousness of the incident and 
fatalities are often well documented. In high-income countries, road traffic 
injuries are the leading cause of death in children aged 5-14 years, and in 
adolescents and adults aged 15-44 years.
2 However, a far larger group of 
children survive their injuries. According to recent estimates in the 
Netherlands, almost 150,000 traffic victims aged 0-24 years receive medical 
treatment annually.
3 To characterize the impact of traffic incidents in children 
more accurately, the outcomes of non-fatally injured children also needs to be 
addressed. The consequences of the injuries suffered by these children and 
their parents, siblings and extended family members are not yet fully known. 
A better understanding of the nonfatal outcomes is essential in order to 
provide the appropriate care and information for the patients and their 
families. Furthermore, insight into these outcomes is also important for policy 
makers who may need to compare traffic injuries with other health problems 
in order to choose priorities. 
  This thesis aims to extend the limited knowledge concerning the nonfatal 
outcomes of pediatric traffic injuries. This introductory chapter begins with a 
review of the literature in order to provide insight into current understanding 
of the nonfatal outcomes of childhood injuries, including traffic injuries. 
Furthermore, the problems and current limitations of our knowledge that still 
have to be addressed by further studies are highlighted and the objectives and 
outline are presented.  
 
Pediatric injuries: functional outcomes 
The majority of studies regarding the functional outcomes of pediatric 
injuries have focused on hospitalized and severely injured children. A scoring 
system often used to indicate the severity of multiple injuries is the Injury 
Severity Score (ISS).
4 The ISS values range from 0 to 75 with higher scores 
reflecting more severe injuries. Table 1 shows the results of studies on the 
functional outcomes of samples of children with moderate to severe injuries 
at different follow-up assessments. A number of these studies determine the   4 
child’s functional status with the physical health scales from the Rand Health 
Insurance Study. These scales measure physical activities, role activities, 
mobility and self-care activities. At discharge, 68-98% of the injured children 
were found to experience one or more functional limitations in these scales.
5-7 
Six months and one year following the injury, these percentages were 48-79% 
and 45-67% respectively.
5-8 According to Hu et al., recovery rates for 
functional status were similar at the six-month and one year follow-ups.
7 At 
one year post-injury, the most limiting factors for the children were in their 
physical and role activities.
7,8 The longer-term impact of childhood injuries 
on the child’s functional status has been illustrated by Valadka et al.
9 This 
study indicated that even after an average of 4 years following the injury 
(range, 1-7 years), 47% of injured children suffered functional status 
restrictions as measured by the Rand scales. This study argues that limitations 
existing one year after discharge tend to be long-term and possibly 
permanent.  
  In addition to the Rand health status scales, other measures, including the 
Functional Independence Measure and the disability scale developed by 
Gofin et al.,
13 have been applied in pediatric outcome studies. The latter scale 
for children aged 4-17 years consists of 25 items derived from the 
International Classification of Impairments, Disabilities and Handicaps 
(ICIDH). Immediately after injury, the presence of at least one disability on 
this scale was high (58%).
12 Six months post-injury about one in three 
children still presented at least one disability. Furthermore, after six months a 
proportion of the children had limitations, particularly in the area of leisure 
time activities (14%), sport activities (19%) and to a lesser degree in daily 
activities (8%) and school activities (8%).
12    
  The Functional Independence Measure (FIM) is a widely applied 
instrument in adult outcome studies. The FIM has been used by Van der Sluis 
et al.
10 in order to examine the long-term functional outcomes of severely 
injured children. In general, these children had good long-term outcomes (7-
11 years follow-up). Those patients who did not have maximum FIM scores 
particularly failed to record maximum scores for the social cognition and 
communication domains. Additionally, the FIM has been used to assess the 
functional outcome of 13,649 injured children who did not have significant 
head injuries.
11 At the time of hospital discharge, 26% of the children had 
some disability. Most of the affected children were limited in their motor 
functions, including basic activities of daily living such as bathing, dressing 
or walking.  
   6 
In contrast to the findings presented by Van der Sluis et al.,
10 few children 
demonstrated limitations in communication and social/cognitive categories of 
functioning. However, the submaximum scores for the ‘cognitive’ domains in 
the study by Van der Sluis et al.
10 were most likely attributable to the effects 
of severe brain injuries that had not been included in the study by Aitken et 
al.
11 Further analyses of the results of Aitken et al.
11 showed that children 
with lower extremity fractures in particular were likely to be discharged with 
functional limitations. The relationship between lower extremity fractures and 
a high risk of functional limitations has been affirmed in a later study in 
which hospitalized children with lower extremity fractures were shown to 
experience more functional limitations compared with hospitalized children 
with upper extremity fractures at one month and six months post-injury.
14 
  The functional outcome studies described above were predominantly 
restricted to hospitalized children with moderate to severe injuries. The 
functional limitations experienced by nonhospitalized children with, in 
general, minor injuries, has received far less attention.
15,16 The study carried 
out by Rivara et al. is one of the few studies that has examined the functional 
outcome of injured children not requiring hospitalization.
15 In this study, 
using the Rand physical health status scales, 55% of the children were 
reported to have limitations in their usual activities within the first week after 
injury. At the end of one week, and one month post-injury, respectively, 17% 
and 4% of the children were not yet back to all normal activities. After four 
months nearly all patients had returned to normal activities. 
 
Pediatric injuries: psychosocial outcomes 
In addition to functional limitations, childhood injuries can also result in 
impaired psychosocial functioning. Children have been shown to display 
changes in behavior, emotions, and cognitive functioning. Although all 
injured children may be at risk of these sequelae, head injuries have been 
particularly associated with psychobehavioral symptoms. This is illustrated 
by the study by Stancin et al.,
17 in which 70% of the group of children 
hospitalized for traumatic fractures and moderate to severe traumatic brain 
injuries showed affective/behavioral symptoms approximately one month 
following injury. Within the group of children who had only incurred 
fractures, 28% displayed these symptoms, including moodiness, anger and 
depressed mood. 
  Long-term psychobehavioral effects among children with multiple 
injuries, with or without minor head injury, have been investigated by Basson 
et al.
18 The parents reported a range of psychobehavioral changes. Behavioral Introduction 
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changes included hyperactivity, substantial scholastic difficulties and rage 
attacks. The emotional changes included depression, social withdrawal and 
phobias. The Child Behavioral Checklist that was used to identify abnormal 
behavior after the trauma episode, revealed that substantial psychobehavioral 
changes were found in 28% and 35% of children with and without head 
injuries, respectively. These percentages did not differ significantly. This may 
be surprising with respect to the expected association between a head injury 
and behavioral problems. Basson et al.,
18  however, only included minor head 
injuries. Almost all the injured children had developed the symptoms within 
one month of the injury. Two thirds of parents reported that their children had 
returned to ‘normal’ after displaying symptoms for an average of 19 months 
(range, 3 months-6 years). 
  Wesson et al.
6 also investigated the psychological effects of pediatric 
injuries. The children were divided into two groups: those who had sustained 
minor trauma (ISS<16) and those who had sustained major trauma (ISS≥ 16). 
A comparison was made of the pre-injury and post-injury behavioral 
disturbances. The proportion of children who had pre-injury behavioral 
disturbances was 14%; however, an increased proportion of the major trauma 
group displayed behavioral problems at six months and one year following 
discharge (41%). This was not the case for the minor trauma group, in which 
38% of the children had pre-injury behavioral disturbances and a comparable 
proportion of 39% of the children showed behavioral problems at six months 
and one year post-injury. In general, behavioral problems tended to be more 
common among the children with persistent physical limitations as measured 
by the Rand physical health status scales. 
  In addition to the behavioral and emotional changes described above, 
injured children may also suffer cognitive problems. Harris et al.
19 indicated 
that half of their sample of severely injured children were described by their 
parents as having deficits in attention, memory or learning. Traumatic brain 
injuries play an important role in impaired cognitive functioning. In the study 
by Stancin et al.,
17 70% of the children with accompanying moderate to 
severe head injuries displayed cognitive problems one month after injury. 
These problems were almost absent in the group of children hospitalized for 
fractures only. Furthermore, six months after injury, Gofin et al.
12 indicated 
that the children who suffered severe head injuries presented higher 
percentages of limitations in school activities than other children hospitalized 
for injuries. Lower academic performance has also been reported for children 
with head injuries compared with children without head injuries.
6 As a result 
of diminished cognitive abilities, mainly due to severe brain injuries, children   8 
may need to move to a school offering a lower standard of education, 
including special education.
10,19 
 
Post-traumatic stress reactions 
It is noticeable that an increasing number of studies have focused on the 
injury-related psychological stress reactions in children following injury. 
Injuries may involve the threat of serious injury or death and evoke feelings 
of intense fear, helplessness or horror.
20 Consequently, injuries can be 
traumatic experiences resulting in post-traumatic stress symptoms and even in 
the diagnosis of post-traumatic stress disorder (PTSD). For the diagnosis of 
PTSD, a number of criteria need to be met including the presentation of 
symptoms indicating that the traumatic event is regularly re-experienced, 
trauma-related stimuli are avoided, and that the individual has experienced a 
measurable increase in arousal.
21  
  Approximately one month following the injury, 13-23% of children 
hospitalized for injuries were found to be suffering from the criteria 
mentioned above and were diagnosed as having PTSD.
20,22 Higher 
percentages of injured children suffer a number of post-traumatic stress 
symptoms but fail to meet all the criteria for the diagnosis of PTSD. At six 
months and one year post-injury, children have also been found to experience 
post-traumatic stress symptoms.
23,24 
  Children injured in traffic accidents have been found to have a relatively 
high risk of developing PTSD compared with children who sustained injuries 
due to falls, sport or leisure activities.
25-27 The reported prevalence rates of 
PTSD in children injured in traffic accidents ranges from 34-45% at 4-7 
weeks post-injury, to 14-25% at 6-12 months post-injury.
26,28-30 
 
Pediatric injuries: family outcomes 
Studies have been carried out to assess the consequences of pediatric injuries 
on the family, particularly the impact of severe pediatric injuries. These 
studies have shown that pediatric trauma can have a profound effect on the 
family. For example, Hu et al.
31 revealed that six months and one year 
following severe pediatric injury, 45% and 23% of the parents, respectively, 
found that their family life had not yet returned to normal.  
  Following childhood injuries, parents have reported injury-related 
financial and work problems, as well as a worsening in their martial 
relationship, alterations in the relationship with their child and changes in the 
composition of the family unit.
12,19,32 Furthermore, parents have found that Introduction 
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they experience psychological distress of clinical significance due to the 
child’s injury,
6,14 especially with pediatric traumatic brain injury.
17,33  
  The effect of the injured child on other siblings has rarely been addressed. 
In a study by Basson et al.,
18 none of the siblings of injured children 
demonstrated significant psychological changes; however, other studies have 
reported adverse outcomes, including significant levels of psychological 
distress, school problems or aggressive personality changes.
19,34 
 
Issues requiring attention 
The studies described above have illustrated the extensive impact of pediatric 
injuries on the child and the family. Despite this knowledge, several issues 
regarding the outcomes of pediatric injuries need to be studied or require 
further clarification. A number of these issues constitute the background of 
this thesis and are described below. 
 
Health-related quality of life 
The implications of childhood injuries on quality of life, remarkably, had not 
yet been considered when we started our study. Quality of life is increasingly 
recognized as an outcome of interest in monitoring the outcome of medical 
care and intervention.
35,36 The current emphasis on quality of life largely 
reflects the view that traditional outcome measures used in medicine, 
especially survival or reduction of symptoms, are limited and do not capture 
the total impact of illness or treatment of a patient.
37 
  Quality of life theoretically incorporates all aspects of an individual’s 
life.
38 In general, the concepts covered by various quality of life definitions 
include a combination of non-health-related elements, such as family, friends, 
life circumstances and health-related factors.
39 In medicine, the emphasis is 
often concentrated on the health-related aspects of quality of life. To 
differentiate health from more general social and environmental issues, the 
more specific concept of health-related quality of life (HRQoL) has been 
defined.
37 HRQoL refers to the impact of dysfunction associated with an 
illness or injury, medical treatment and health care policy.
40 The terms 
‘quality of life’ and ‘HRQoL’ provide independent information and should 
not be used synonymously.
41  
  Although there is not yet a uniform definition of HRQoL, it is generally 
acknowledged that HRQoL is a multidimensional construct. The idea that 
HRQoL encompasses several domains is largely based on the definition of 
health as described by the World Health Organization
42 as ‘a state of 
complete physical, mental and social well being and not merely the absence   10
of disease or infirmity’. In the literature, the identified dimensions in the 
definition of health have been expanded to four ‘core’ HRQoL domains: 
physical symptoms, functional status, psychological functioning and social 
functioning.
40 In addition to the multidimensionality of the HRQoL concept, 
there is consensus that HRQoL is a reflection of the way that patients 
perceive their health status. Differences in appraisal of the health status 
account for the fact that individuals with the same objective health status can 
report very different subjective HRQoL.
43 
  The measurement of HRQoL should ideally be derived from the 
individual’s perspective as HRQoL concerns the patients’ values. In pediatric 
HRQoL assessments, parents, doctors and teachers have usually been used as 
informants, mainly due to the uncertainty regarding the child’s ability to rate 
his or her HRQoL, or because of practical reasons. However, it is increasingly 
suggested that children themselves can provide reliable information 
concerning their HRQoL.
44  
  The measurement of HRQoL would appear to be of critical interest in the 
area of pediatric injuries. Some pediatric injuries can be managed but not 
cured, as is the case in chronic diseases. The literature has shown that 
childhood injuries are likely to result in temporary or permanent physical 
and/or psychosocial restrictions. The degree to which these children suffer a 
reduced HRQoL, i.e. perceive these limitations as disturbing, is unknown. 
Knowledge of the HRQoL of these children, and especially which domains of 
HRQoL are affected, provides complementary information for medical 
professionals.  
 
Outcomes of nonhospitalized injuries 
Although the vast majority of injuries receiving medical care are minor in 
severity, the emphasis of the outcome studies has been on hospitalized and 
severely injured children. It is possible to argue that the more severe injuries 
will logically result in more disabilities. However, before excluding patients 
with minor injuries for research goals, this idea needs to be proven by studies 
that systematically assess and compare the outcomes of minor and 
nonhospitalized injuries with severe and hospitalized injuries. 
 
Parental outcomes 
It is increasingly recognized that the parents and families of injured children 
also experience a range of consequences, including work and financial 
problems, problematic family functioning, and parental psychological 
distress. The psychological wellbeing of the parents is of importance for the Introduction 
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child’s recovery and wellbeing. Parents who are preoccupied with their own 
problems or feelings may not adequately support their child, or are unable to 
identify problems for which medical care should be sought. The knowledge 
of the parental psychological impact following pediatric trauma needs to be 
extended as the current understanding stems only from a small number of 
studies that have focused on hospitalized, severely injured children or 
children suffering from head injuries. Moreover, recent suggestions that the 
parents of pediatric traffic victims also carry a risk of developing post-
traumatic stress symptoms
29,45-47 need further investigation and confirmation. 
 
Risk groups 
Another concern that needs further attention is the question of which children 
and families carry the highest risk of adverse outcomes. To our knowledge, 
there is little systematic evidence or consensus about the relationship between 
injury-related, accident-related and sociodemographic variables and child 
outcomes. Head injuries and lower extremity fractures may comprise an 
exception. Studies have consistently reported that children with particularly 
severe head injuries have a higher risk of psychobehavioral and cognitive 
symptoms, and lower extremity fractures have systematically shown that they 
are associated with functional limitations. Far less consensus exists regarding 
the predictive value of trauma scales, such as the ISS. According to a number 
of studies, the ISS and the Modified Injury Severity Score (MISS) are 
significantly related to the functional limitations experienced by injured 
children at the time of discharge from hospital,
11 at six months post-injury,
5,12 
one year after the incident,
14 and at an average of four years post-injury.
9 In 
contrast, Hu et al.
7 and Wesson et al.
6 failed to find a correlation between the 
ISS and functional status at comparable follow-up assessments. Behavioral 
problems have, and have not, been associated with the ISS.
6,14,18 Clearly, 
more studies are required to further investigate the relationship between 
injury severity indicators and child outcomes. Furthermore, 
sociodemographic factors, including the child’s age, gender and the family’s 
socioeconomic status, need to be considered also. This applies also to parental 
and family outcomes. Knowledge regarding the predictors of adverse 
outcomes is essential for the identification of children, parents and families at 
highest risk of residual effects. 
   12
Objectives 
The purpose of this thesis is to address the aforementioned unresolved issues 
regarding the outcomes of childhood injuries, and specifically pediatric traffic 
injuries. For this thesis the following three main objectives are defined: 
 
-  To examine the short-term and long-term HRQoL of pediatric traffic 
victims as reported by the children themselves and their parents. This aim 
applies not only to severely injured patients but also to young traffic 
victims with minor injuries. 
-  To explore the degree to which children and their parents experience 
post-traumatic stress reactions after pediatric traffic injuries. 
-  To investigate which sociodemographic, injury or accident-related factors 
are associated with adverse child and parent outcomes. 
 
Outline  
Epidemiology 
For the interpretation of the outcomes of pediatric traffic injuries, insight into 
the magnitude and severity of pediatric injuries in general, and specifically 
pediatric traffic injuries, is important. Chapter 1, therefore provides an 
epidemiological overview of the characteristics of a cohort of injured children 
who attended the Department of Traumatology at University Hospital 
Groningen, The Netherlands. This overview drew our attention to a group of 
young children who needed treatment for bicycle-spoke injuries. We found it 
remarkable that even though these injuries are preventable they are still 
frequently seen. Chapter 6 presents a study of the accident details of bicycle-
spoke injuries and the effects of these injuries on the physical and 
psychosocial functioning of children. 
 
Short-term outcomes: HRQoL, parent/family impact, post-traumatic stress 
Chapter 2 presents the findings of a prospective study on the short-term 
HRQoL of pediatric traffic victims and the impact of the incident on the 
parents and family. In this study the parents of pediatric traffic victims were 
asked to participate in three assessments. The first measurement took place 
shortly after the child’s injury to assess pre-injury data. Post-injury data was 
gathered during two follow-up assessments, at three months and six months 
after the incident.  
Chapter 3 addresses the young traffic victims’ own point of view of their 
short-term HRQoL at the time of the same three assessments. Furthermore, 
this chapter explores the degree of post-traumatic stress symptoms Introduction 
 13 
experienced by the children and their parents. Finally, Chapters 2 and 3 both 
include analyses to identify subgroups of children and parents/families at high 
risk of suffering short-term adverse effects. 
 
Long-term outcomes: HRQoL 
Chapter 4 evaluates the HRQoL of young traffic victims 1.5-3.4 years post-
injury. For this purpose, the parental reports of the young traffic victims’ 
HRQoL were compared with the HRQoL reported by parents of 
contemporaries in the general Dutch population. To identify those traffic 
victims at high risk of a reduced long-term HRQoL, the relationship between 
the children’s HRQoL and injury, accident and sociodemographic 
characteristics was also investigated. 
In Chapter 5, the long-term HRQoL reported by the young traffic victims 
themselves is presented, and the degree of concordance between child and 
parent reports on the child’s long-term HRQoL is investigated. 
 
In the final chapter, the main findings of the studies presented in this thesis 
are discussed, general conclusions are presented and recommendations for 
future research are suggested. 
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Abstract 
Objective:  To provide an epidemiological overview of the 
characteristics of injured children and to compare 
hospitalized and nonhospitalized injured children to identify 
predictors of hospitalization and, with that, possible 
predictors of disablement.  
Design:     Retrospective analysis of data obtained from a computerized 
trauma registration system and medical records.  
Setting:      Department of Traumatology, University Hospital 
Groningen, the Netherlands. 
Subjects:   Children (0-19 years) injured in 1996 and 1997 (n=5057). 
Results:   The majority of children were injured in home and leisure 
accidents (53%) and sustained minor injuries. Only 55 (1%) 
children were severely injured (Injury Severity Score (ISS) ≥  
16). Overall, 512 (10%) patients required hospitalization, 19 
children were referred to a rehabilitation centre, and 24 
children died due to their injuries. The majority of these 
patients were injured in traffic. Compared with the group of 
nonhospitalized patients, the group of hospitalized patients 
consisted of more males and traffic victims, were more 
severely injured, and sustained more head/neck, spine, and 
thorax and abdomen injuries. Nonhospitalized patients 
incurred proportionally more upper and lower extremity 
injuries. The ISS, the body region of most severe injury, and 
injury cause (traffic accidents) were significant predictors of 
hospitalization. 
Conclusions:   Young traffic victims, severely injured children in terms of 
high ISS scores, and children with injuries affecting the 
head/neck/face or thorax/abdomen carry the highest risk of 
hospitalization. Chapter 1: Epidemiology pediatric injuries 
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Introduction 
In most developed countries injuries are the leading cause of death in children 
and adolescents.
1 Paediatric injuries are responsible for a large number of 
visits to physicians and emergency departments and result in a substantial 
number of hospital admissions. In the Netherlands, for instance, each year 
one of every six children aged 0-14 years is seen by a physician for its 
injuries, one of every 13 children is treated as an outpatient, and one of every 
169 children is hospitalized for accidental injuries.
2  
  Various epidemiological studies have investigated the incidence rates of 
fatal injuries and provided descriptive analyses of these injuries occurring in 
children and adolescents.
3-5 However, as the number of children that die due 
to their injuries has decreased in the past decades,
6 the attention needs to be 
shifted from the fatal cases towards detailed description of the characteristics 
of the injury survivors.  
  The rising number of children that survive their injuries will result in an 
increase of the number of children with residual effects and thereby more 
injured children will need rehabilitation. Epidemiological studies on 
paediatric trauma populations are important for rehabilitation medicine as 
they provide insight into the characteristics of a population at risk of 
disablement. Since severe injuries probably result in more disabilities 
compared with minor injuries, the description of the characteristics of severe 
injuries should receive special attention in an epidemiological study.  One of 
the indicators of injury severity is the need for hospitalization for medical 
treatment.
7 Only few epidemiological studies have focused on the differences 
in characteristics between the groups of hospitalized and nonhospitalized 
injured children.
8,9 Therefore, the purpose of our study is to provide an 
epidemiological overview of the characteristics of a population of injured 
children attending the emergency department over a two-year period and, in 
addition, to compare the groups of hospitalized and nonhospitalized children 
to identify predictors of hospitalization and with that possible predictors of 
disablement.  
 
Methods 
The study population consisted of all injured children of 0-19 years of age 
who were treated at the Department of Traumatology of the University 
Hospital of Groningen between January 1996 and December 1997. 
  The University Hospital Groningen (1056 beds), in the north of the 
Netherlands, has a level I trauma centre. Approximately 10 000 injured 
patients attend the trauma centre for medical treatment every year.
10   20
  The data used in this study were obtained from a computerized trauma 
registration system (RLOG) and from medical records. The RLOG 
(Registratie Letsels en Ongevallen Groningen) is a uniform registration of 
data on all patients treated at the hospital’s Department of Traumatology 
since 1970. The collected data concerned characteristics of the overall study 
population, e.g. age, sex, injury diagnoses, the Abbreviated Injury Scale 
(AIS), the Injury Severity Score (ISS), the body regions of the most severe 
injury, the injury causes, treatment on an inpatient or outpatient basis and 
mortality. Additionally, the length of hospital stay and the discharge 
destination of the patients requiring hospitalization were recorded. 
  The injury diagnoses were coded according to the International 
Classification of Diseases (ICD-9CM)
11 and categorized in the body regions 
defined in the Abbreviated Injury Scale (AIS)
12: head/neck, face, spine, 
thorax, abdomen and pelvic contents, upper extremity, lower extremity and 
external/other. Furthermore, the injuries were grouped into five different 
diagnostic categories: fractures and dislocations (ICD-codes: 800-839), 
internal injuries (851-854; 860-869; 902), wounds (870-887; 890-897), 
contusions and sprains and strains (840-848; 920-924), and other injuries. 
  The severity of an injury was calculated according to the ISS.
13 The ISS 
is a measure of overall injury severity in persons who have sustained an 
injury to one or more areas of the body and is computed from the AIS. 
Patients with an ISS greater than or equal to 16 are generally considered to be 
severely injured.
14 The ISS scores were categorized into ISS 1-3 (injuries of 
minor severity), ISS 4-8 (injuries of moderate severity), ISS 9-14 (serious 
injuries), and ISS ≥  16 (severe injuries).
15,16 
  The body region of the most severe injury was defined by the highest AIS 
score, the maximum AIS (MAIS), and placed in one of the following four 
categories: head/neck/face, thorax/abdomen, extremities, and other/ 
unspecified. If a subject sustained multiple injuries with identical AIS scores, 
the MAIS body region was classified regarding the risk of death: 
head/neck/face > thorax/abdomen > extremities > other/unspecified.
17  
  The causes of the injuries, corresponding to the E-codes 800-999 of the 
ICD-9CM, were categorized into (1) ‘traffic accidents’ (including all traffic 
categories: e.g. drivers or passengers of motor vehicles or bicycles and 
pedestrians), (2) ‘home and leisure injuries’ (including falls, cutting and 
piercing injuries, struck by/caught in an object, overexertion, and drowning), 
(3) ‘sports injuries’, (4) ‘intentional injuries’ (including homicides, assaults, 
suicides and self-destructive actions), and (5) ‘other’ injuries. For the 
description of the different road-user groups by age, the children were divided Chapter 1: Epidemiology pediatric injuries 
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into the following three age groups: 0-3 years of age (pre-school), 4-11 years 
of age (elementary school), and 12-19 years of age (high school). 
  A multivariate logistic regression analysis was used (SPSS version 9) to 
determine predictors of hospitalization after injury and adjusted odds ratios 
(OR) were calculated to gain insight into the risk of hospitalization. The 
variables ISS, MAIS and injury cause were entered as independent variables 
in the logistic regression. Furthermore, continuous and categorical variables 
were compared using Student’s t-test and chi-square test, respectively. A p-
value of ≤  0.05 was considered significant. 
 
Results 
A total of 5057 patients aged 0 through 19 years were identified. Of this 
group, 2993 (59%) were males (m:f = 1.5:1). The mean age was 12 years (SD 
6) and the number of injured patients increased with age (Figure 1). Home 
and leisure accidents were the most common cause of injury in the overall 
study population (n=2674, 53%), followed by sports accidents (n=1168, 
23%), traffic accidents (n=982, 19%), intentional injuries (n=226, 5%), and 
other injuries (n=7, 0%).  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Age and gender distribution in the total study population (n=5057). 
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  The causes of injury differed substantially among children at different 
ages (Figure 2). The proportion of home and leisure accidents far exceeded all 
other causes of injury in the youngest children. More specifically, the 
youngest children sustained primarily fall injuries whereas the adolescents 
were more commonly injured due to cutting/piercing and hit by/caught in an 
object. 
  Sports accidents were the number one injury cause in the 14-16 year olds. 
These children were injured primarily in soccer, organized school sport 
activities and horse riding. 
  Traffic-related accidents caused 8% (n=12 one year olds) to 28% (n=104 
16 year olds) of the injuries. Within the category of traffic accidents, bicycle-
related accidents predominated in the three different age groups (Table 1).  
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Figure 2. Distribution of the injury causes by age in the total study population 
(n=5057). Chapter 1: Epidemiology pediatric injuries 
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The pre-schoolers (0-3 year olds) sustained particularly spoke injuries as 
bicycle passengers (n=43) whereas the older children were injured primarily 
as bicycle riders. Nearly two-thirds (n=305, 62%) of the bicycle riders 
incurred a single-bicycle crash (without a collision with another road-user), 
and 27% (n=133) were injured due to a collision with a motor vehicle. 
  The proportion of intentional injuries increased with age and occurred 
primarily in the older teenagers. 
Table 1. Traffic accidents: road-user categories for the three different age groups 
0-3 years  4-11 years  12-19 years  All children 
Categories of road-users 
n   (%)  n   (%)  n   (%)  n   (%) 
Motor vehicle driver  0    1  (0)  19  (3)  20 (2) 
Motor vehicle passenger  15  (18)  23  (9)  41  (6)  79 (8) 
Moped rider  0    3  (1)  177  (27)  180 (18) 
Bicyclist 11  (13)  128  (51)  352  (55)  491 (50) 
Bicycle passenger  49  (58)  60  (24)  6  (1)  115 (12) 
Pedestrian 8  (10)  33  (13)  18  (3)  59 (6) 
Other 1  (1)  4  (2)  33  (5)  38 (4) 
Total 84  (100)  252  (100)  646  (100)  982 (100) 
 
 
  The mean ISS of our study population was 2 (SD 4, median 1, range 1-
75) and the great majority of the patients had an ISS equal to or less than 4 
(n=4740, 94%). Only 55 (1%) of the patients were severely injured (ISS ≥ 16) 
and the majority of these patients sustained their injuries in traffic (n=42, 
76%). 
  Twenty-four patients died due to their injuries. These nonsurvivors had a 
mean ISS score of 44 (SD 22, median 37, range 17-75) and were primarily 
injured in traffic accidents (n=16, 67%): as bicyclists (n=6), motor vehicle 
passengers (n=4), pedestrians (n=4) and moped riders (n=2). Furthermore, 
children died due to drowning (n=3), fall (n=2), hit by an object (n=1), 
suicide (n=1), and one child was run over by a fork-lift truck. The causes of 
death were the following: severe brain injuries (n=16, 67%), uncontrollable 
bleeding (n=3), drowning (n=3), transection of the cervical spinal cord (n=1), 
and one unknown cause. 
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Hospitalized versus nonhospitalized patients 
Of the 5057 patients, 512 (10%) were hospitalized directly after the injury. 
On average, these patients stayed in hospital for 8 days (SD 10, median 3, 
range 1-69 days). More than one-third of the patients were hospitalized for 1 
or 2 days (n=190, 37%). Furthermore, an additional 35 patients were 
hospitalized at a later stage due to malunion (n=10), infections (n=7), 
secondary diagnostic interventions (arthroscopy of the knee) and postponed 
treatment (n=6), missed diagnoses (n=4), skin covering problems (n=4) and 
other causes (n=4). For the further analyses these 35 patients were considered 
to be outpatients.   
  The group of hospitalized patients consisted of more males (n=334, 65% 
versus n=2659, 59%; p=0.003) and sustained proportionally more injuries in 
traffic accidents than the group of nonhospitalized patients (n=201, 39% 
versus n=781, 17%; p<0.001). Furthermore, they had significantly higher ISS 
scores than their nonhospitalized counterparts (mean ISS 8 versus mean ISS 
2; p<0.001).   
  The injury profiles were different for the hospitalized and nonhospitalized 
patients. The group of hospitalized patients (n=1005 injury diagnoses) 
sustained proportionally more injuries to the head/neck (n=169, 17% versus 
n=82, 2%; p<0.001), spine (n=20, 2% versus n=25, 1%; p<0.001), thorax 
(n=57, 6% versus n=53, 1%; p<0.001), and abdomen and pelvic contents 
(n=63, 6% versus n=76, 1%; p<0.001) compared with the group of 
nonhospitalized patients (n=5305 injury diagnoses). The nonhospitalized 
patients, on the other hand, sustained significantly more injuries to the upper 
extremities (n=2374, 45% versus n=254, 25%; p<0.001) as well as to the 
lower extremities (n=1633, 31% versus n=267, 27%; p =0.008). More 
specifically, considering the specific injury types within the body regions 
(Table 2), fractures and dislocations of the head/neck, face, spine, and upper 
and lower extremities were more frequently present among the group of 
hospitalized than the group of nonhospitalized patients (all p-values<0.001). 
Furthermore, significantly more hospitalized patients sustained internal 
injuries of the head (p<0.001), and abdomen and pelvic contents (p<0.001), 
and all internal injuries of the thorax were hospitalized. Of note is the large 
proportion of the so-called ‘other injuries’ of the head/neck among the 
nonhospitalized patients compared with the hospitalized patients (p<0.001). 
These injuries concerned concussions with no, very brief or unspecified loss 
of consciousness.  
 Chapter 1: Epidemiology pediatric injuries 
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Table 2. Injury profiles of the hospitalized and nonhospitalized patients 
  
Fractures + 
dislocations 
Internal 
injuries 
Wounds  Contusions 
+ sprains 
Other 
injuries 
Total 
Body region    (%)   (%)  (%)  (%)    (%)       n 
Head/Neck H  19    36  1   -   44  169 
 NH  1    1  2   -   95  82 
Face H  25    -  48  15  13  158 
 NH  1    -  73  19  8   932 
Spine H  100    -  -   -   -   20 
 NH  8    -  -   88  4   25 
Up. extremity  H  66   -  12  7   15  254 
 NH  35    -  25  35  6   2374 
Low. extremity  H  59   -  15  12  14  267 
 NH  17    -  13  62  8   1633 
Thorax H  11    53  4   23  11  57 
 NH  9    -  8   64  19  53 
Abdomen H  -    57  10  32  2   63 
 NH  -    11  11  78  1   76 
H, hospitalized patients (overall n=1005 diagnoses); NH, nonhospitalized patients (overall 
n=5305 diagnoses).The category external/other injuries is not included in the table. 
 
 
  The majority of the hospitalized patients were discharged home (n=459, 
94%) and only a small proportion of the patients were admitted to a 
rehabilitation centre or  discharged to a hospital nearer to their residence 
(n=19 and n=10, respectively).  
  The variables ISS, MAIS, and injury cause (traffic accidents versus other) 
were significant predictors of hospitalization (Table 3). With an increase in 
the ISS score, the likelihood of hospitalization increased notably. 
Furthermore, MAIS head/neck/face and MAIS thorax/abdomen were 
associated with the highest risk of hospitalization compared with the other 
body regions. More specifically, patients with MAIS thorax/abdomen carried 
the highest risk of hospitalization: they were 4.8 times more likely to be 
hospitalized than patients with MAIS head/neck/face (adjusted odds ratio 
(OR) 4.8,  95% confidence interval (CI) 2.9-7.8). Patients injured in traffic   26
were 1.4 times more likely to be hospitalized than patients who sustained 
their injuries in other accidents.  
Table 3. Multiple logistic regression analysis of predictors of hospitalization 
Predictors  of 
hospitalization
a 
Number 
(total=5057) 
Adjusted 
odds ratio 
95% CI  p value 
MAIS             p<0.001 
 Head/Neck/Face  967   10.1   (1.2-87.7)    
 Thorax/Abdomen  175   48.4   (5.4-432.6)    
 Extremities  3826   4.0   (0.5-34.1)    
ISS              p<0.001 
 4-8  1227   12.9   (9.8-17.0)    
 9-14  137   178.3   (106.2-299.4)    
  ≥  16  53    - 
b   -    
Injury cause              p<0.05 
 Traffic  982   1.4   (1.1-1.8)    
a Reference categories: MAIS other/unspecified, ISS 1-3, and ‘other accidents’.  
b All patients with an ISS ≥  16 were hospitalized and odds ratios could not be determined. 
MAIS, Maximum Abbreviated Injury Scale; ISS, Injury Severity Score. 
 
 
Discussion 
Injuries are not only the leading cause of death in children but also a major 
source of disabilities. For a full understanding of the magnitude and the extent 
of the injury problem in children information on both the epidemiology of 
paediatric injuries as well as information on the impact of injuries on the 
child’s life, their family and on society are needed. We conducted an 
epidemiological study in order to provide insight into the injury patterns and 
the most prevailing injury causes of children attending an emergency 
department with injuries ranging from minor severity through life-threatening 
injuries. The current epidemiological overview illustrates the context from 
which disabilities arise and these data are essential for the interpretation and 
design of outcome studies. 
  The majority of epidemiological studies on childhood injuries have 
limited their field of study to specific subpopulations of injured children. 
Some of these studies have focused primarily on hospitalized children,
18,19 
very severely injured children,
20-22 specific injury types such as fractures
23,24 
or on specific injury causes such as traffic-related accidents.
25-27 However, for 
an accurate view on the injury problem in children, the focus should not be on Chapter 1: Epidemiology pediatric injuries 
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a specific selection of injuries but on all injuries including those of minor 
severity, as was the aim of our study. 
  Epidemiological studies are difficult to compare since many different 
definitions, categories of injury causes, and methods of data collection are 
used. Nevertheless, some general remarks can be made. Overall, home and 
leisure accidents caused most of the injuries in our study population as 
reported in other studies.
8,28 The great majority of these injuries were of 
minor severity and few of these injuries required hospitalization, which is 
consistent with previous findings.
8,29 In the younger children (1-12 years of 
age) more than half of the home and leisure accidents concerned falls. As 
young children develop their motor and perceptual skills they often fall down 
stairs and during running and jumping. To decrease the number of these 
injuries continuous supervision of young children who explore their home 
environment is necessary, but impossible in practice. Home safety measures, 
such as stairway gates, are very important and often easy to apply.
30 
  Compared with the injuries caused by home and leisure accidents, traffic-
related injuries occurred less often but were more severe. Traffic accidents 
proportionally led to most of the hospitalizations, referrals to rehabilitation 
centres, and caused the majority of deaths. As traffic victims often incur 
serious injuries these patients are at high risk of residual disability and are to 
a high degree in need of rehabilitation. The traffic victims of our study 
sustained predominantly bicycle-related injuries. The high incidence of 
bicycle injuries reflects the popularity of cycling, for transportation and 
recreational purposes, in the Netherlands. Although collisions with motor 
vehicles often result in very serious and fatal injuries, our finding that more 
than half of the bicycle riders were injured in single-bicycle crashes, 
including falls from the bicycle and collisions with stationary objects, implies 
that more attention should be paid to the latter group. 
  The hospitalization rate found in our study comprised 10% which seems 
relatively high compared with previously reported rates (2-9%).
8,28,31,32 This 
difference may partly be caused by the fact that severe brain injuries are 
preferably treated in our Trauma Centre compared with the surrounding 
hospitals. The guidelines concerning hospitalization vary among hospitals in 
the Netherlands. In our hospital all children who need anaesthesia for medical 
treatment are hospitalized, even for a short anaesthetic treatment. More than 
one-third of the patients of our study population were hospitalized for a 
period of only one or two days. These patients primarily sustained fractures of 
the extremities and were hospitalized for anaesthetic reasons or they sustained 
head injuries and were hospitalized for observation purposes. Recent studies   28
on minor head injuries in children have indicated that routine hospitalization 
is not always warranted.
33-35 A number of children with minor head injuries 
can be safely observed at home by a reliable caretaker who has been 
instructed to observe the child properly and to evaluate potential 
complications. As hospitalization may have adverse emotional effects on the 
child, unnecessary hospitalization should be avoided. Therefore, more studies 
are needed to investigate if certain subgroups of injured patients may be 
treated safely as outpatients. 
  Of the total of 5057 injured children who were evaluated in this study, 
only 24 died as a consequence of their injuries. In view of the few deaths, the 
outcome in terms of mortality, which has been a subject of many 
studies,
18,36,37 seems to be of limited value. Outcome of nonfatal injuries in 
terms of disabilities needs more attention. A shortcoming of our study is that 
it does not include an outcome assessment of the injuries. However, on the 
basis of our data and with respect to the identified predictors of 
hospitalization we can make some remarks regarding subgroups of children at 
risk of disablement. The present study demonstrated that the ISS, the injury 
cause, and the MAIS are significant predictors of hospitalization. More 
specifically, children injured in traffic, children with severe injuries in terms 
of high ISS scores, and children with injuries affecting the head/neck/face or 
thorax/abdomen carry the highest risk of hospitalization. Subsequently, the 
question arises whether these children are also at a high risk of sustaining 
injury-related disabilities. It is known that severe injuries to the thorax or the 
abdomen and pelvic contents are often life-threatening and characterized by 
high ISS scores, yet, these injuries rarely result in disabilities.
38,39 Rather, 
injuries to the head, spinal cord or extremities which are not always assigned 
with high ISS scores are much more likely to cause residual deficits. Since a 
large number of patients with extremity injuries were treated on an outpatient 
basis, it is likely that in addition to the hospitalized patients a substantial 
number of nonhospitalized patients in our study population may have suffered 
injury-related disabilities as well. In addition to the ISS which fails to 
correlate closely with disabilities,
38,40 the need for hospitalization seems to be 
a poor predictor of disabilities as well. In our opinion future studies on the 
impact of paediatric injuries should not be limited to hospitalized and very 
severely injured children in terms of high ISS scores, but should also take 
nonhospitalized patients, in particular those with minor head or extremity 
injuries, into account.  
 Chapter 1: Epidemiology pediatric injuries 
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Clinical messages  
-  The outcome of paediatric injuries in terms of disabilities needs more 
attention. In such studies nonhospitalized children with extremity and 
head injuries should be included. 
-  Children with traffic-related injuries are at high risk of residual disability 
and are in need of rehabilitation. 
-  Single-bicycle accidents seem an unrecognized but important injury 
cause for children. 
 
References 
1.  Meyer AA. Death and disability from injury: a global challenge. J Trauma 1998;44:1-
12.  
2.  den Hertog P, Toet H, Schoots W. Letsel door ongevallen. Tijdschrift voor 
Gezondheidswetenschappen 1999;77:290-5. 
3.  Waller AE, Baker SP, Szocka A. Childhood injury deaths: national analysis and 
geographic variations. Am J Public Health 1989;79:310-5. 
4.  Vane DW, Shackford SR. Epidemiology of rural traumatic death in children: a 
population-based study. J Trauma 1995;38:867-70.  
5.  Jorgensen IM. Fatal unintentional child injuries in Denmark. Dan Med Bull 
1996;43:92-6. 
6.  Hoogenboezem J. Sterfte ten gevolge van uitwendige oorzaken van letsel en 
vergiftiging, 1970-1995. Mndber gezondheid (CBS) 1997;16:30-47. 
7.  Kingma J, ten Duis HJ. Sports members' participation in assessment of incidence rate 
of injuries in five sports from records of hospital-based clinical treatment. Percept 
Mot Skills 1998; 86: 675-86. 
8.  Yamamoto LG, Wiebe RA, Matthews WJ. A one-year prospective ED cohort of 
pediatric trauma. Pediatr Emerg Care 1991;7:267-74. 
9.  Walsh SSM, Jarvis SN, Towner EML, Aynsley-Green A. Annual incidence of 
unintentional injury among 54,000 children. Inj Prev 1996;2:16-20. 
10.  Kingma J, Ten Duis HJ. De registratie van letsels en ongevallen Groningen: aetologie 
van letsels en ongevallen. Jaarverslag 1996. Groningen: Uitgeverij Stichting 
Traumatologie, Academisch Ziekenhuis Groningen; 1997. 
11.  Commission on Professional and Hospital Activities. The International Classification 
of Disease, 9th Revision-Clinical Modification (ICD-9CM). Ann Arbor; 1980. 
12.  American Association for the Advancement of Automotive Medicine. The 
abbreviated injury scale, 1990 revision. Des Plaines, Illinois; 1990. 
13.  Baker SP, O’Neill B, Haddon W Jr, Long WB. The injury severity score: a method for 
describing patients with multiple injuries and evaluating emergency care. J Trauma 
1974;14:187-96. 
14.  Young WW, Young JC, Smith JS, Rhodes M. Defining the major trauma patient and 
trauma severity. J Trauma 1991;31:1125-41. 
15.  Copes WS, Champion HR, Sacco WJ, Lawnick MM, Keast SL, Bain LW. The injury 
severity score revisited. J Trauma 1988;28:69-77.   30
16.  Linn S, Linn R, Sheps S, et al. Injury severity scoring and length of stay in hospital of 
war casualties-demonstration of an association and possible selection bias. Int J 
Epidemiol 1993;22:905-10. 
17.  Mock CN, Denno D, Adzotor ES. Paediatric trauma in the rural developing world: 
low cost measures to improve outcome. Injury 1993;24:291-6. 
18.  Rhodes M, Smith S, Boorse D. Pediatric trauma patients in an ‘adult’ trauma center. J 
Trauma 1993;35:384-92. 
19.  Peclet MH, Newman KD, Eichelberger MR, et al. Patterns of injury in children. J. 
Pediatr Surgery 1990;25:85-91. 
20.  Suominen P, Kivioja A, Ohman J, Korpela R, Rintala R, Olkkola KT. Severe and fatal 
childhood trauma. Injury 1998;29:425-30. 
21. Remmers D, Regel G, Neumann C, Pape HC, Post-Stanke A, Tscherne H. Das 
polytraumatisierte Kind; ein retrospektiver Vergleich zwischen polytraumatisierten 
Kindern, Jugendlichen und Erwachsenen. Unfallchirurg 1998;101:388-94. 
22.  Sluis van der CK, Kingma J, Eisma WH, Ten Duis HJ. Pediatric polytrauma: short-
term and long-term outcomes. J Trauma 1997;43:501-6. 
23.  Owen RJ, Hickey FG, Finlay DB. A study of metatarsal fractures in children. Injury 
1995;26:537-8. 
24.  Anderson PJ. Fractures of the facial skeleton in children. Injury 1995;26:47-50. 
25. Kong LB, Lekawa M, Navarro RA, et al. Pedestrian-motor vehicle trauma: an 
analysis of injury profiles by age. J Am Coll Surg 1996;182:17-23. 
26.  Stevenson MR, Kai Lo S, Laing BA, Jamrozik KD. Childhood pedestrian injuries in 
the Perth metropolitan area. Medical J Aust 1992;156:234-8. 
27.  Pless IB, Verreault R, Arsenault L, Frappier J, Stulginskas J. The epidemiology of 
road accidents in childhood. Am J Public Health 1987;77:358-60. 
28. Bienefeld M, Pickett W, Carr PA. A descriptive study of childhood injuries in 
Kingston, Ontario, using data from a computerized injury surveillance system. 
Chronic Dis Can 1996;17:21-7. 
29.  Kopjar B, Wickizer TM. Population-based study of unintentional injuries in the home. 
Am J Epidemiology 1996;144:456-62. 
30. Dutch Consumer Safety Organization. Voorlichtingsaanbod 1997, Amsterdam, the 
Netherlands; 1997. 
31.  Bener A, Al-Salman KM, Pugh RNH. Injury mortality and morbidity among children 
in the United Arab Emirates. Eur J Epidemiol 1998;14:175-8. 
32.  Gallagher SS, Finison K, Guyer B, Goodenough S. The incidence of injuries among 
87,000 Massachusetts children and adolescents: results of the 1980-81 statewide 
childhood injury prevention program surveillance system. Am J Public Health 
1984;74:1340-7. 
33.  Roddy SP, Cohn SM, Moller BA, et al. Minimal head trauma in children revisited: is 
routine hospitalization required? Pediatrics 1998;101:575-7. 
34.  Loroni  L, Ciucci G, Piccinini G, et al. Approach to head trauma in childhood in a 
district general hospital. Eur J Emerg Med 1996;3:141-8. 
35.  Dahl-Grove DL, Chande VT, Barnoski A. Closed head injuries in children: is hospital 
admission always necessary? Pediatr Emerg Care 1995;11:86-8. 
36.  Fortune JB, Sanchez J, Graca L, et al. A pediatric trauma center without a pediatric 
surgeon: a four-year outcome analysis. J Trauma 1992;33:130-7. Chapter 1: Epidemiology pediatric injuries 
 31 
37.  Eichelberger MR, Mangubat EA, Sacco WJ, Bowman LM, Lowenstein AD. Outcome 
analysis of blunt injury in children. J Trauma 1988;28:1109-15. 
38.  MacKenzie EJ, Shapiro S, Moody M, Siegel JH, Smith RT. Predicting posttrauma 
functional disability for individuals without severe brain injury. Med Care 
1986;24:377-87. 
39.  MacKenzie EJ, Siegel JH, Shapiro S, Moody M, Smith RT. Functional recovery and 
medical costs of trauma: an analysis by type and severity of injury. J Trauma 
1988;28:281-95. 
40.  Richmond TS, Kauder D, Schwab CW. A prospective study of predictors of disability 
at 3 months after non-central nervous system trauma. J Trauma. 1998;44: 635-42.   32
  
 33 
 
 
Chapter 2 
 
The health-related quality of life of pediatric 
traffic victims and the impact on the parents 
and families: a prospective study 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Leontien M. Sturms, Corry K. van der Sluis, Johan W. Groothoff, 
Roy E. Stewart, Henk Jan ten Duis, Willem H. Eisma 
 
Submitted 
 
 
 
   34
Abstract 
Background:  The effects of pediatric injuries on the child’s health-related 
quality of life (HRQoL) and the child’s environment are 
poorly understood. This study addresses both issues.  
Methods:   Analysis of questionnaire data regarding the child’s HRQoL 
and parent/family functioning provided by 61 parents of 
hospitalized and nonhospitalized young traffic victims aged 
6-15 years. The study included three assessments: shortly 
after the injury, 3 months post-injury (T1) and 6 months 
post-injury (T2).  
Results:   The traffic victims, in particular the children with an Injury 
Severity Score ≥  9, hospitalized children, children injured in 
a motor vehicle accident, and children with a lower 
extremity fracture, suffered a reduced HRQoL at T1. In the 
parents an increased emotional impact was found at T1. The 
adverse parent/family effects were associated with the 
severity of the child’s accident and injuries. At T2, the 
children’s HRQoL and the parental emotional scores were 
comparable to pre-injury values.  
Conclusions:  Within six months the sample of young traffic victims had 
regained their pre-injury HRQoL and the parents/families 
had returned to their pre-injury functioning. Children and 
parents/families at risk of short-tem adverse effects can be 
identified by looking at the severity of the traffic incident 
and the child’s injuries. Chapter 2: Short-term HRQoL and parent/family impact 
 35 
Introduction 
Traffic accidents are responsible for a high percentage of the most severe and 
fatal injuries among children.
1,2 In comparison with all other causes of injury, 
traffic accidents have been associated with the highest proportions of 
disabilities in children.
3-6 A profound knowledge of the non-fatal outcomes 
and information regarding those pediatric traffic victims who are at highest 
risk of residual disabilities is needed for the optimal care of these patients. 
The psychological consequences suffered by young traffic victims are 
increasingly being understood
6-9 but what is lacking is insight into the overall 
impact of traffic accidents in children. The concept of health-related quality 
of life (HRQoL) may prove useful to provide a comprehensive picture of the 
child’s wellbeing including its physical, psychological and social functioning.  
HRQoL has thus far scarcely been used in research regarding the 
outcomes of injured children. Stancin and colleagues
10 and our research 
group
11 are the only groups, to our knowledge, who have started to examine 
data concerning the long-term HRQoL of injured children. The findings 
resulting from our previous study
11 need to be extended by collecting data 
about the short-term HRQoL in order to gain more insight into the recovery 
of young traffic victims and for the identification of children at risk of short-
term and long-term sequelae. 
  The child’s environment should not be overlooked when considering the 
consequences of children involved in traffic accidents. High levels of 
psychological distress in family members and a deterioration in family 
functioning have been reported following traumatic brain injuries in 
children,
12-14 severe pediatric injuries,
15-17 serious pediatric fractures,
18,19 and 
pediatric burn injuries.
20,21 Parents and families of pediatric traffic victims can 
be expected to experience adverse effects but little is known about these 
effects.
8 
  The purpose of this study was to describe the short-term consequences of 
traffic accidents on the HRQoL of children and the impact on the parents and 
the family. Furthermore, the study aimed to identify subgroups of children 
and parents/families at high risk of suffering short-term adverse effects. 
   36
Methods  
The study population consisted of a cohort of children who attended the 
Department of Traumatology of University Hospital Groningen, The 
Netherlands, for traffic-related injuries between April 2000 and April 2001. 
Eligibility criteria for this study included (1) children aged between 6 and 15 
years at the time of the injury, (2) the identification of young traffic victims 
through the use of medical charts within two weeks of the accident, and (3) 
the parents’ ability to read and write Dutch. Traffic accidents corresponded to 
codes E810-E819 and E826 of the International Classification of Diseases, 
9th revision, Clinical Modification (ICD-9-CM)
22 and also included non-
collision accidents, such as falls from bicycles. The study was approved by 
the Medical Ethics Committee of University Hospital Groningen. 
  Diagnosis of the child’s injury, age and gender were obtained from the 
medical records. The diagnoses were categorized into the body regions of the 
Abbreviated Injury Scale (AIS), and each injury was assigned an AIS severity 
score ranging from 1-6, with 1 being minor, 5 severe and 6 virtually 
unsurvivable injury.
23 Based on the AIS scores, the Injury Severity Score 
(ISS) was computed to provide an overall severity score for patients with 
multiple injuries.
24 The ISS ranges from 1 to 75 and the higher the score, the 
more seriously wounded the patient is. The ISS was categorized into ISS 1-3 
(minor), ISS 4-8 (moderate), or ISS ≥  9 (serious).  
  The study used a prospective design including three assessments: shortly 
after the accident, 3 months after the accident (T1), and 6 months following 
the accident (T2). As soon as the child was medically stable, the parents were 
asked to participate in the study and were sent a self-complete questionnaire. 
This questionnaire included the parent form from the TNO-AZL Children's 
Quality Of Life (TACQOL) questionnaire and four scales of the 50-item 
parent form from the Dutch Child Health Questionnaire (CHQ-PF50). The 
parents were asked to complete these questionnaires with respect to the 
child’s and parental/family’s pre-injury conditions. Furthermore, the 
questionnaire contained questions regarding the details of the accident and 
asked for the educational level of the mother as an indicator of socioeconomic 
status (SES). The SES was categorized as low (primary school, lower 
vocational education), middle (secondary school, intermediate vocational 
education), or high (higher vocational education, university education). The 
two follow-up questionnaires were designed to collect post-injury child and 
parental/family data and also contained the TACQOL and the four CHQ-
PF50 scales. 
 Chapter 2: Short-term HRQoL and parent/family impact 
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Child Measures 
The TACQOL parent form was used to assess the child’s pre and post-injury 
HRQoL.
25 This questionnaire contains seven eight-item scales: physical 
complaints, motor functioning, cognitive functioning, social functioning, 
autonomy, and positive and negative emotions. The item scores within each 
scale are added to a scale score. The first five scales range from 0-32. The 
two emotional scales range from 0-16. To obtain an overall index of the 
child’s HRQoL, we calculated a sumscore by adding all seven scales and 
dividing this sum by 1.92 (score range of 0-100). Higher scores on the 
TACQOL scales represent a better HRQoL. The psychometric performance 
of the TACQOL questionnaire has been found to be satisfactory.
26,27  
Reference data regarding the TACQOL was available to compare the young 
traffic victims’ pre-injury HRQoL with the HRQoL reported by the parents of 
2050 counterparts in the general population aged between 6 and 15 years. 
 
Parental and Family Measures 
The pre and post-injury impact of the child’s health on the parents and family 
were assessed using the following four scales of the CHQ-PF50: the parental 
impact emotional scale (i.e. the amount of emotional worry/concern 
experienced by the parent as a result of the child’s health), the parental impact 
time scale (i.e. the limitation of personal time experienced by the parent due 
to the child’s health), the family activities scale (i.e. the frequency to which 
the child’s health limits and interrupts family activities or is a source of 
family tension), and the family cohesion scale (i.e. rating of the family’s 
ability to get along with one another).
28 The scale item scores were added and 
transformed into 0-100 scales with higher scores indicating better 
functioning. A recent study of the feasibility, reliability, and validity of the 
Dutch translation of the CHQ justified application in pediatric outcome 
studies.
29 The family impact scales showed good psychometric properties. 
The pre-injury CHQ-PF50 scale scores of parents of the young traffic victims 
in our study could be compared with the CHQ-PF50 data of the parents of 
353 Dutch school children aged 5-13 years.
29 
 
Statistical Analysis 
Comparisons were made between the general and injury-related 
characteristics occurring within the groups of respondents and 
nonrespondents using t tests for continuous variables and χ
2  tests for 
categorical data. The pre-injury HRQoL of the young traffic victims was 
compared with the HRQoL of the reference group with univariate analyses of   38
covariance (ANCOVA), covarying for the child’s age, gender, and the SES. 
One-sample t tests were applied to compare the pre-injury CHQ-PF50 scale 
scores of the parents of the sample of traffic victims with the CHQ-PF50 
scale scores of the parents of the comparison group.  
  The changes in the HRQoL scores and in the parent/family impact during 
the three assessments were investigated with a repeated design (repeated-
measures analyses of variance (MANOVAs)). In these repeated-measures 
MANOVAs, the pre-injury, the T1 and T2 HRQoL or CHQ-PF50 scores were 
entered as dependent variables. When the sphericity assumption was violated, 
the Greenhouse-Geisser adjustment for the F-value for time main effects was 
used. In order to further examine whether certain subgroups of children 
and/or parents/families had a respectively, decreased HRQoL or an increased 
impact across the follow-up period, we applied repeated-measures analyses of 
covariance (MANCOVAs). In these repeated-measures MANCOVAs, the 
pre-injury child or the pre-injury parent/family functioning scores were 
included as covariates. The T1 and T2 scores were the dependent variables, 
and general, injury and accident-related variables were entered as between-
subject factors to investigate group main effects and interaction effects. A p 
value ≤  0.05 was considered significant. Post-hoc analyses, i.e. univariate F-
tests, with Bonferroni correction (BC) for multiple comparisons were 
conducted to further examine significant time, group or interaction effects. 
 
Results 
A total of 175 children met the inclusion criteria of the study and their parents 
were asked to participate. Ninety-six (55%) parents completed the baseline 
questionnaire. Eventually, 61 parents participated at all three measurements. 
These 61 children did not differ from the nonrespondents with respect to their 
mean age, the rate of boys, the rate of hospitalized patients, the proportion of 
children with an extremity fracture, and the distribution of the ISS. However, 
the participation of parents with children who had a cerebral concussion or 
contusion was proportionally greater (p=0.007). 
  The participating young traffic victims had a mean age of 11.3± 2.8 years 
at the time of the accident and 56% of them were boys. The 61 children had 
in total 110 injury diagnoses. More than half of the diagnoses concerned 
extremity injuries (55%), almost a quarter were facial injuries (24%), and 
19% of the injuries affected the head. The 21 head diagnoses included 
cerebral concussion (n=11), cerebral contusion (n=5), wounds of the head 
(n=3), and fractures of the skull (n=2). The children had a mean ISS score of Chapter 2: Short-term HRQoL and parent/family impact 
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4.9± 5.3, and 21% suffered serious injuries (ISS ≥ 9). The 17 (28%) 
hospitalized children had a median hospital stay of 4 days (range, 1-35 days).  
  More than half of the children had been injured whilst cycling (56%). The 
remaining children had been injured as a passenger on a bicycle or moped 
(18%), a car passenger (15%), a pedestrian (5%), a moped rider (3%) or as 
another road-user (3%). In almost half of the incidents (46%) a motor vehicle 
was involved. In eleven cases, other persons, such as family members, the 
child’s friends, or other road-users also sustained injuries in the accident. 
 
Child impact 
The pre-injury HRQoL of the pediatric traffic victims was highly comparable 
to the HRQoL of the reference sample. The only difference found between 
the two groups was the physical complaints scale on which the young traffic 
victims had higher scores (adjusted (adj.) pre-injury mean of the traffic 
victims was 28.49 vs. the adj. mean of the reference group of 27.10, 
p=0.007). 
Three months post-injury the sample of young traffic victims suffered a 
reduced HRQoL compared with their pre-injury HRQoL. A recovery in the 
children’s HRQoL took place between three and six months after the accident 
(Figures 1a and 1b).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1a. Young traffic victims’ HRQoL: pre-injury and post-injury scores on five of the 
TACQOL HRQoL scales with score range 0-32. 
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Figure 1b. Young traffic victims’ HRQoL: pre-injury and post-injury scores scores on 
the two TACQOL HRQoL emotion scales with score range 0-16. 
 
 
This trend in HRQoL scores can be seen by the results of the repeated-
measures MANOVAs that showed significant time effects for the sumscore 
and six of the seven HRQoL scales (Table 1).  
Table 1. HRQoL of the young traffic victims 
TACQOL   Time
a 
 n  F    p   
 
Sumscore 55  11.19 * <0.001 
†‡ 
       
 
Physical complaints  61  2.10  0.131 
 
Motor functioning  61  8.81 * 0.001 
†‡ 
Autonomy 61  7.39 * 0.006 
†‡ 
Cognitive functioning  59  4.15  0.021 
‡ 
Social functioning  60  6.90  0.002 
†‡ 
Positive emotions  59  4.41 * 0.019 
 
Negative emotions  58  6.51  0.003 
†‡ 
 
a  Repeated-measures MANOVA. 
*   with Greenhouse-Geisser correction. 
†   post-hoc analysis: significant difference pre-injury vs T1 (p<0.05, BC).   
‡   post-hoc analysis: significant difference T1 vs T2 (p<0.05,BC). 
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Post-hoc testing confirmed a significant decline in HRQoL at T1 when 
compared with the pre-injury scores, and a significant increase in the HRQoL 
scores between T1 and T2. No differences were revealed between the pre-
injury HRQoL and the HRQoL scores at T2, indicating that the total sample 
of young traffic victims had regained their pre-injury HRQoL within six 
months.  
  The repeated-measures MANCOVAs that were applied to examine 
whether subgroups of young traffic victims had a reduced HRQoL revealed 
significant group main effects for the variables treatment, extremity fracture, 
and motor vehicle involvement (Table 2).  
Table 2. HRQoL of subgroups of young traffic victims  
   Time
 a Group
 a Group  x  Time
 a 
  n  F  p F p F p 
Age (y)  (6-8; 9-11; 12-15)  13; 17; 25  1.24  0.270  2.11  0.132  1.02 0.369 
Gender  (boys; girls)  32; 23  0.72  0.400  0.01  0.934  2.18 0.146 
SES  (low; middle; high)  12; 30; 13  1.25  0.269  0.19  0.831  0.24 0.792 
Treatment  (in; outpatients)  15; 40  1.37  0.246  8.90  0.004  14.89 <0.001 
ISS   (1-3; 4-8; 9+)  24; 20; 11  1.70  0.198  2.05  0.139  5.38 0.008 
Head injury  (head; nonhead)  14; 41  1.16  0.287  0.37  0.548  0.42 0.521 
Extremity fracture  (LE; UE; NF)  5; 15; 35  1.97  0.167  10.97 <0.001 17.23  <0.001 
MV involved   (yes; no)  25; 30  0.36  0.553  7.14  0.010  5.01 0.030 
Others injured  (yes; no)  9; 46  1.39  0.243  1.62  0.209  0.76 0.387 
a Repeated-measures MANCOVA: covarying for pre-injury HRQoL.
 
Abbreviations: head injury, defined as head AIS≥ 2; UE, upper extremity; LE, lower extremity; 
NF, no fractures in extremities; MV involved, motor vehicle involved; others injured, other 
persons also injured in the accident. 
 
 
During the follow-up period, the inpatients and the children injured in a motor 
vehicle accident had a significantly lower HRQoL compared with their 
respective counterparts of outpatients (inpatients adj. mean 87.23 vs. 
outpatients 91.79) and children injured in a traffic incident without a motor 
vehicle (MV) involved (MV involved adj. mean 88.48 vs. MV not involved 
92.26). Furthermore, the children with a lower extremity fracture (adj. mean 
81.43) had a significantly reduced HRQoL compared with children with an 
upper extremity fracture (adj. mean 90.76, p=0.001, BC), or children without 
an extremity fracture (adj. mean 91.75, p<0.001, BC). In addition to the group   42
main effects, significant interaction effects emerged for the variables 
treatment, ISS, extremity fracture, and motor vehicle involvement (Table 2). 
Post-hoc comparisons indicated that at T1 the subgroups of inpatients (adj. 
mean 83.28), seriously injured children (ISS≥ 9) (adj. mean 83.91), children 
injured in a motor vehicle accident (adj. mean 85.82), and children with a 
lower extremity fracture (adj. mean 73.91) had a significantly lower HRQoL 
compared with their respective counterparts of outpatients (adj. mean 90.94, 
p=0.001), children with minor injuries (ISS 1-3) (adj. mean 90.85, p=0.036, 
BC), children not injured in an incident in which a motor vehicle was 
involved (adj. mean 91.37), and children with either an upper extremity 
fracture (adj. mean 89.27, p<0.001, BC), or without a fracture in an extremity 
(adj. mean 90.81, p<0.001, BC). None of these group differences remained 
significant at T2. 
 
Parent/family impact 
The pre-injury CHQ-PF50 scale scores of the parents of the young traffic 
victims in our study appeared significantly better than the respective scores of 
the parents of the comparison group (all p values <0.05). 
  The impact of the traffic accident on the parents and the family was 
demonstrated by significant time effects in the repeated-measures 
MANOVAs for the parental impact emotional scale and the family cohesion 
scale (Table 3).  
Table 3. Parental and family impact 
CHQ-PF50 
 
pre-injury 3  months 
post-injury 
 
 6 months 
post-injury 
 
 
Time
a 
  n  mean ±  SD  mean ±  SD  mean ±  SD  F p 
Parental impact emotional  61  90,57 ±  14,31  85,66 ±  21,31  92,01 ±  13,14  3.70* 0.039
† 
Parental impact time  59  98,49 ±  4,36  93,97 ±  15,48  93,41 ±  20,12  2.63 0.080 
Family activities  60  93,72 ±  9,04  92,26 ±  13,46  93,71 ±  12,63  0.43* 0.628 
Family cohesion  60  78,75 ±  17,89  72,42 ±  18,21  77,00 ±  17,71  3.44* 0.042 
a Repeated-measures MANOVA. 
* with Greenhouse-Geisser correction. 
† post-hoc analysis: significant difference T1 (3 months) vs T2 (6 months) (p=0.027, BC). 
Abbreviation: SD, standard deviation. 
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Post-hoc testing between the three assessments indicated a significant 
decrease between T1 and T2 in the number of worries and concerns of the 
parents due to the child’s health. In the post-hoc analyses for the family 
cohesion scale none of the comparisons reached significance after Bonferroni 
adjustment. However, a trend was observed that the family’s ability to get 
along with one another was rated more poorly at three months after the 
accident than before the accident and at T2. At six months post-injury parent 
and family impact were back to the pre-injury levels. 
Repeated-measures MANCOVAs were performed to investigate whether 
parents of children with differing injury, accident and general characteristics 
reported different degrees of impact (Table 4: group main effects).  
Table 4. Parental and family impact for subgroups of traffic victims  
 
Parental impact 
emotional 
Group
a 
Parental 
impact time 
Group
a 
Family 
activities 
Group
a 
Family 
cohesion 
Group
a 
    F p F p F p  F  p 
Age (y)  (6-8; 9-11; 12-15)  3.20  0.048  0.76  0.471  0.11  0.893 3.05  0.055 
Gender (boys;  girls)  0.57  0.455  0.20  0.657  1.10  0.299 0.77  0.383 
SES  (low; middle; high)  1.34  0.269  1.46  0.240  1.58  0.214 0.61  0.546 
Treatment (in;  outpatients)  9.91  0.003  4.48  0.039 0.54  0.464 2.93  0.092 
ISS   (1-3; 4-8; 9+)  7.54  0.001  0.50  0.611 1.74  0.185 2.75  0.073 
Head injury  (head; nonhead)  4.15  0.046  0.00  0.987 0.00  0.969 2.93  0.092 
Extr. fracture  (UE; LE; NF)  2.01  0.144  4.90  0.011 3.91  0.026 0.63  0.538 
MV involved  (yes; no)  20.00 <0.001  5.41  0.024 6.99  0.011 3.15  0.081 
Others injured  (yes; no)  2.36  0.130  1.90  0.173 1.00  0.321 0.16  0.689 
a Repeated-measures MANCOVAs: covarying for pre-injury parental/family CHQ-PF50 
scores. Only group effects included in the table.
 
Abbreviations: head injury, defined as head AIS≥ 2; Extr. fracture, extremity fracture; UE, 
upper extremity; LE, lower extremity; NF, no fractures in extremities; MV involved, motor 
vehicle involved; others injured, other persons also injured in the accident. 
 
 
Examination of the covariate-adjusted means of the subgroups of the 
variables with significant group main effects indicated that across the follow-
up period significantly more emotional impact due to the child’s health was 
reported by the parents of the inpatients (adj. mean 80.06) compared with the 
parents of the outpatients (adj. mean 92.22). The same results could also be 
seen for the parents of the seriously injured children (ISS≥ 9 adj. mean 76.10   44
vs. ISS 4-8 adj. mean 91.47, p=0.005, BC)(ISS≥ 9 vs. ISS 1-3 adj. mean 
92.97, p=0.001, BC), the parents of children with head injuries (adj. mean 
82.62 vs. nonhead injuries 91.04), and the parents of children injured a motor 
vehicle accident (adj. mean 80.95 vs. no MV involved 95.52). The parents of 
the inpatients and of children injured in a motor vehicle crash not only 
reported an increased emotional impact but also reported significantly more 
time impact across the follow-up compared with respectively, the parents of 
outpatients (inpatients: adj. mean 87.04 vs. outpatients 96.17), and the parents 
of children injured in an incident without a motor vehicle involved (MV 
involved adj. mean 88.85 vs. no MV involved 97.77). Furthermore, the 
parents of children with a lower extremity fracture also reported more 
limitations in personal time (adj. mean 76.08) than the parents of children 
with an upper extremity fracture (adj. mean 98.46, p=0.008, BC) or without a 
fracture in an extremity (adj. mean 93.76, p=0.036, BC). Finally, the variables 
extremity fracture and motor vehicle involvement also showed a significant 
group main effect on the family activities scale. However, the underlying 
assumptions of equality of regression slopes for these MANCOVAs were 
violated, and, consequently, these findings cannot be interpreted.  
  In addition to these group main effects, the repeated-measures 
MANCOVAs also revealed significant interaction effects between a number 
of the general, injury, and accident characteristics listed in Table 4 and the 
four CHQ-PF50 scales. The results of the post-hoc comparisons of T1 and T2 
covariate-adjusted mean scores between the subgroups of the variables 
significant in interaction, reflected the same trends as the above-described 
group main effects. The findings can be summarized as follows: at T1, 
significantly more emotional impact was reported by the parents of inpatients, 
seriously injured children, children with head injuries, and children injured in 
a motor vehicle crash when compared with the parents of the respective 
counterparts. Furthermore, at T1 the parents of inpatients noted significantly 
more limitations in their personal time compared with the parents of the 
outpatients. These group differences were not significant at T2 except for the 
differences within the parental impact emotional scale between the parents of 
seriously injured children versus the parents of less severely injured children, 
and between the parents of children injured in a motor vehicle accident versus 
the parents of children injured in an incident without a motor vehicle 
involved.  
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Discussion 
The present study illustrates the extensive impact that traffic accidents have 
on children in terms of the short-term consequences for the young traffic 
victims’ HRQoL as well as the adverse effects for the parents and families. 
One of the strengths of our study is the prospective study design that includes 
a pre-injury and two post-injury assessments. A limitation often experienced 
in these types of repeated-measures studies, and also present in our study, is 
the loss of eligible patients during follow-up. This may require caution when 
interpreting results. However, the groups of participating children and those 
who dropped out were comparable in respect to most of the general and 
injury-related characteristics, thereby limiting biased findings in our study. 
The groups only differed in the proportion of children with an intracranial 
injury. The groups of children with or without head injuries did not differ in 
their post-injury HRQoL. However, the parental emotional distress following 
the accident was higher in the parents of children with head injuries. 
Consequently, our results may provide a slight overestimation of the 
emotional impact reported by the parents.  
 
Child impact 
The adverse effects of the traffic accident on the child’s HRQoL were only of 
short duration as the total sample of young traffic victims had regained their 
pre-injury HRQoL within six months after the accident. Although the time 
required for recovery has not yet been clearly set, the major recovery in 
psychobehavioral as well as physical functioning is likely to take place within 
1.5 years following injury.
30-36 After this period only slight recovery may be 
expected. Authors who have previously reported on the outcomes of injured 
children have primarily evaluated hospitalized and severely injured children. 
These studies often describe ongoing physical and psychobehavioral sequelae 
at six months, one year, and even a number of years following injury.
3,16,17,32-
34,37 The study of Rivara et al.
35 is one of the few reports studying the 
outcomes of injured children treated in an outpatient setting. This study was 
consistent with our findings and reports only temporary functional disability 
with nearly all children being back to normal activities after four months. 
Previous studies have predominantly looked at actual limitations in functional 
or psychobehavioral functioning whereas our study used a HRQoL 
assessment including the patients’ appraisal of the degree to which he or she 
is bothered by health status problems. Consequently, a patient may incur 
health status limitations due to an injury but may not rate these problems as 
very disturbing, which results in a rather good HRQoL.    46
  The inclusion of a one year follow-up assessment after the injury may 
have been able to check whether a deterioration in HRQoL arises in the long-
term. Long-term assessments seem to be particularly important in studies 
assessing the outcomes of severely injured patients and specifically of 
children with severe brain injuries. Physical and behavioral dysfunction 
among these patients may only become apparent after a lengthy follow-up 
period.
18,38 Only a small proportion of our patients sustained severe injuries in 
terms of high ISS scores or severe head injuries and therefore a worsening in 
HRQoL in the long-term may be questionable. Moreover, our previous study 
of the long-term HRQoL of a comparable study population of pediatric traffic 
victims showed a rather good HRQoL with only small differences between 
the total sample of traffic victims and a reference group.
11 
In addition to describing the HRQoL of the cohort of traffic victims, we 
also aimed to identify young traffic victims most likely to incur a 
deterioration in HRQoL following a traffic accident. Statistical analyses 
indicated that the subgroups of seriously injured children (ISS≥ 9), 
hospitalized children, children injured in a motor vehicle accident, and 
children with a lower extremity fracture suffered a reduced HRQoL three 
months after the accident. However, the subgroup of children with a lower 
extremity fracture was very small and should therefore be re-examined in a 
future study. Our findings correspond with previous studies that have also 
illustrated the relatively high impact of lower extremity fractures, particularly 
on the functional outcome, at discharge, one month, and six months following 
the injury.
5,18 Surprisingly, the subgroup of children with head injuries, 
defined as a head injury with AIS≥ 2 (e.g. cerebral concussion and contusion) 
did not emerge as a high-risk group. Possibly, our study did not have enough 
power to detect a difference between the subgroups of children with or 
without a head injury due to the small number of children with a head injury. 
Furthermore, the head injury subgroup only involved children with minor to 
moderate head injuries. 
The children with lower extremity fractures, the children injured in a 
motor vehicle accident, and hospitalized children not only suffered a lower 
HRQoL at three months post-injury but also across the follow-up period. 
These children may be in need of extra medical attention and professional 
support up to six months following the accident. Similar results did not 
emerge for children with high ISS scores. The lowered HRQoL of the 
hospitalized children may be associated with the fact that hospitalization per 
se can be a distressing experience for the child and family. However, two 
previous studies concerning pediatric injuries seem to refute this idea because Chapter 2: Short-term HRQoL and parent/family impact 
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they indicated that unexpected admission for acute appendicitis did not cause 
any demonstrable lasting morbidity.
16,33  
 
Parent/family impact 
This study not only addressed the impact of the traffic accident on the injured 
child but also looked at the consequences of the event for the parents and the 
family. Specifically, we addressed the emotional and time impact experienced 
by the parents due to the child’s health as well as limitations in family 
activities and the family’s ability to get along. Some parents particularly 
reported negative emotional and time impact related to the child’s health 
following the accident. In general, the degree of impact appeared to be 
associated with the severity of the child’s accident and injuries. With respect 
to the negative time impact, parents may need to provide intensive care for 
their child at home following hospital admission and have therefore less time 
for their own personal needs. Furthermore, children with lower extremity 
fractures are likely to have limited mobility and may be in need of increased 
assistance from their parents. 
  In addition to the studies on the family impact of specifically pediatric 
brain injuries, a small number of other studies have also considered the 
impact of childhood injuries on the parents and the family. The studies 
reporting on the emotional distress of the parents have looked at the degree of 
posttraumatic stress disorder (PTSD),
8 maternal malaise such as anxiety and 
depression,
16 and parental post-injury concerns and psychological distress.
18,19 
Time impact has been reflected by temporary or permanent absenteeism of 
the parents from work.
3,17,39 Furthermore, financial impact
16,17,39 as well as 
changes in marital, sibling, family or patient-parent relationships have been 
noted.
17 Although the parental and family impact is becoming increasingly 
clear, more studies regarding the relationship between injury severity 
indicators and the family and parental impact are needed as the few studies 
reporting these associations present some contradictory findings. As stated 
above, our findings indicated an association between the severity of the 
accident and the child’s injuries, including the ISS, and the degree of parental 
emotional impact. On the contrary, Wesson et al.
16 and de Vries et al.
8 did not 
find a relationship between, respectively, the maternal malaise and the 
parental PTSD and the ISS. Furthermore, the study by Wesson et al.
16 showed 
that the presence of a head injury did not influence the degree of maternal 
malaise. On the contrary, our results as well as the study of Stancin et al.
19 
showed increased parental stress due to concerns about the injured child in 
the parents of children with accompanying brain injuries. A better knowledge   48
of the factors related to the increased impact for the parents and families is 
important for the identification of parents and families who may benefit from 
additional psychosocial support.  
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Abstract 
Objectives:   To examine children’s reports of their health-related quality 
of life (HRQoL) following pediatric traffic injury, to explore 
child and parental post-traumatic stress, and to identify 
children and parents with adverse outcomes.  
Design:    Prospective cohort study. Assessments: shortly after the 
injury, 3 months (T1) and 6 months post-injury (T2). 
Setting:     Department of Traumatology, University Hospital.  
Subjects:    51 young traffic injury victims aged 8-15 years with 
complete data. 
Main measures: TNO-AZL Children’s Quality of Life questionnaire and the  
      Impact of Event Scale. 
Results:    Short-term adverse changes in the child’s HRQoL were 
observed for the child’s motor functioning and autonomy. At 
T1, 12% of the children and 16% of the parents reported 
serious post-traumatic stress symptoms. Increased stress at 
T1, or across the follow-up, was observed among 
hospitalised children, children with  head injuries, and 
children injured in a motor vehicle accident. Parental stress 
was related to low socio-economic status and the seriousness 
of the child’s injury and accident (hospitalisation, head 
injury, serious injury, motor vehicle involved, others 
injured). 
Conclusions:   The children reported only temporary effects in their motor 
functioning and autonomy. Post-traumatic stress symptoms 
following pediatric traffic injury were not only experienced 
by the children, but also by their parents. 
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Introduction 
Injuries constitute a major health problem among children and adolescents.
1 
The main causes of injuries for children are home and leisure accidents 
followed by sports injuries and traffic accidents.
2 This ranking changes if the 
severity of the injuries and the proportion of post-injury sequelae are taken 
into account. Traffic crashes have been particularly associated with severe 
and fatal injuries and post-injury disabilities.
3-5 For this reason, additional 
attention to pediatric traffic victims seems justified. 
  It is increasingly recognised that pediatric injuries can result in a range of 
post-injury sequelae, including functional limitations, psychobehavioral 
changes, and cognitive problems.
3-10 However, little is known concerning the 
effects of the injuries on a child’s health-related quality of life (HRQoL).
11,12 
Furthermore, the above-mentioned studies solely relied on parental, 
clinician’s and teacher’s reports. It remains uncertain as to whether the child 
would have reported the same type and number of consequences. Because 
parents and children may disagree about components of the child’s 
functioning and wellbeing, it has been recommended that information should 
not only be obtained from the parents, but also from the children.
13 
  Knowledge about the child’s HRQoL is of significance, as it provides 
insight into the child’s valuations of his/her physical and psychosocial health 
status. Additionally, for a full description of the impact of pediatric traffic 
injuries, psychological outcome measures also need to be applied to highlight 
traffic incident-related sequelae, such as post-traumatic stress symptoms.
14-16 
Finally, the effects of being involved in a traffic crash on the child’s 
environment merits attention, as recent investigations have suggested that 
parents may also be at risk of suffering post-traumatic stress symptoms.
15,17,18  
  The objectives of this study are to describe the viewpoints of young 
traffic victims regarding their short-term HRQoL and to assess post-traumatic 
stress symptoms of the children and their parents. Furthermore, we aim to 
identify subgroups of young traffic victims and parents with a reduced 
HRQoL or increased post-traumatic stress who may need professional 
support. 
 
Patients and Methods 
The study included all surviving traffic victims aged between 8 and 15 who 
were treated at the Department of Traumatology of the University Hospital 
Groningen, the Netherlands between April 2000 and April 2001. Participants 
in the study were limited to children who were identified by the researchers 
within two weeks of the accident and these children and their parents also had   54
to be able to read and write Dutch. Traffic crashes corresponded to codes 
E810-E819 (motor vehicle traffic crash) and E826 (pedal cycle crash) of the 
International Classification of Diseases, 9th revision, Clinical Modification 
(ICD-9-CM)
19 and included non-collisions. The study was approved by the 
Medical Ethics Committee of The University Hospital Groningen. 
  General and injury characteristics of the child including age, gender, and 
injury diagnoses were obtained from medical records. The diagnoses were 
divided into the body regions of the Abbreviated Injury Scale (AIS) and were 
assigned an AIS severity score.
20 Children with or without a diagnosis of 
intracranial injury, e.g. cerebral concussion or cerebral contusion, were 
grouped into the patient categories of head or non-head injury. To provide an 
overall severity score for patients with multiple injuries, the Injury Severity 
Score (ISS) was computed.
21 The ISS was classified as ISS 1-3, ISS 4-8, and 
ISS ≥  9 to indicate minor, moderate and serious injury severity, respectively. 
  The study design included the following three assessments: a baseline 
measurement shortly after the accident and two follow-up assessments at 3 
months (T1) and at 6 months (T2) following the incident. As soon as the child 
was medically stable, the parents and the children were invited to participate 
in the study and were sent baseline questionnaires. The parental basiline 
questionnaire covered details of the incident and the highest educational level 
of the mother as an indicator of socio-economic status (SES). The SES was 
categorised as low (primary school, lower vocational education), middle 
(secondary school, intermediate vocational education), and high (higher 
vocational education, university education). The baseline child questionnaire 
included the child form of the TNO-AZL Children's Quality Of Life 
(TACQOL) questionnaire.
22 The children were asked to complete this 
questionnaire about their pre-injury HRQoL. The TACQOL questionnaire 
includes seven eight-item scales: physical complaints, motor functioning, 
cognitive functioning, social functioning, autonomy, and positive and 
negative emotions. The item scores within each scale were added to a scale 
score. The first five scales range from 0-32. The two emotional scales range 
from 0-16. Higher scores on the scales indicate a better HRQoL. To obtain an 
overall HRQoL index, we added all scales and divided this sum by 1.92 to 
acquire a HRQoL sumscore within a 0-100 range. The psychometric 
properties of the TACQOL child form were found to be satisfactory.
23,24 
Previously gathered reference data of the TACQOL was available to compare 
the young traffic victims’ pre-injury HRQoL with the HRQoL reported by 
2383 counterparts in the general population aged between 6 and 15.  Chapter 3: Short-term HRQoL and post-traumatic stress 
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  The T1 and T2 follow-up questionnaires were sent to the parents and 
children who participated in the baseline assessment. The child questionnaires 
contained the TACQOL child form to assess the child’s post-injury HRQoL. 
Furthermore, both child and parental questionnaires included the Dutch 
translation of the Impact of Event Scale (IES).
25 The IES was included to 
detect post-traumatic stress symptoms. The IES is a 15-item self-report 
instrument and was developed to assess intrusive re-experiencing of the 
trauma and avoidance of trauma-related stimuli. All items combined provide 
a total score within a 0-75 range. Higher scores represent a greater frequency 
of intrusive thoughts and attempts of avoidance. In a study on the 
psychometric properties of the Dutch IES, the Dutch version proved reliable 
and valid.
26 Although the IES was initially developed for adults, it has proven 
useful for children aged 8 and older.
27-29 According to the Dutch translators of 
the IES, the IES total score can be interpreted according to the following 
classification: 0 (no post-traumatic stress symptoms), 1-7 (mild post-
traumatic stress symptoms), 8-25 (moderate post-traumatic stress symptoms), 
and 26-75 (serious post-traumatic stress symptoms of clinical concern). 
 
Statistical Analysis 
The groups of participating and non-participating children were compared 
with respect to general and injury characteristics using Student’s t test and χ
2 
tests. Univariate analyses of covariance (ANCOVAs) were applied to 
compare the study sample’s pre-injury HRQoL with the HRQoL of the 
reference group, taking children’s age and gender into account as covariates. 
  To assess changes in the patients’ HRQoL over time, we applied 
repeated-measures analyses of variance (MANOVAs) with the pre-injury, T1 
and T2 HRQoL scores as dependent variables. Additionally, we examined 
group differences over time in post-injury HRQoL. In these analyses the 
children’s T1 and T2 HRQoL scores were entered as dependent variables and 
the children’s pre-injury HRQoL scores were included as a covariate 
(repeated-measures MANCOVAs). The between-subject factors, i.e. the 
grouping variables, concerned general aspects (age, gender, SES), injury 
characteristics (ISS, head injury, extremity fracture, need for hospitalisation) 
and accident characteristics (crash with motor vehicle involvement, other 
persons also injured). Likewise, we looked at the T1 and T2 parent and child 
IES scores of subgroups of young traffic injury victims. In these analyses no 
pre-injury covariate was included as no pre-injury IES was obtained. Finally, 
post-hoc comparisons with Bonferroni correction (BC) for multiple   56
comparisons were performed. A p value < 0.05 was considered to be 
statistically significant. 
 
Results 
One hundred forty-three young traffic victims met the inclusion criteria of the 
study. Eventually, 51 of the 78 children and parents who participated at the 
baseline assessment also completed the T1 and T2 follow-up questionnaires. 
These 51 patients did not differ from the group of children who did not 
participate at the baseline, T1 or T2 assessment with respect to their mean age 
and the distributions of gender, hospitalisation, extremity fractures, and the 
ISS. However, compared to the non-participating children, the 51 respondents 
did incur proportionally more intracranial head injuries (p=0.003).  
  The participants concerned 27 boys and 24 girls. These children had a 
mean age of 12.2 ±  2.1 years at the time of the accident and were injured as 
bicyclists (n=29; 57%), passengers on a bicycle or moped (n=8; 16%), car 
passengers (n=7; 14%), pedestrians (n=3; 6%) and other road-users (n=4; 
8%). A motor vehicle was involved in nearly half of the incidents (n=24; 
47%). In 18% (n=9) of the accidents, one or more persons were also injured. 
A quarter of the children sustained serious injuries (ISS≥ 9; n=13; 26%) and 
29% (n=15) of the young patients required hospitalisation. Fifteen children 
(29%) sustained an intracranial head injury, 17 children incurred a fracture of 
the upper extremity (33%), and four children had a lower extremity fracture 
(8%). 
  
HRQoL 
Compared to the reference group, the young traffic victims reported better 
scores on the physical complaints and positive emotion scales (ANCOVAs; 
physical complaints: p=0.001, positive emotions: p=0.003). No significant 
differences emerged between the reports of both groups on the other five 
HRQoL scales. 
  The repeated-measures MANOVAs that were applied to investigate 
changes in the young traffic injury victims’ perceptions of their HRQoL over 
time revealed significant time effects for motor functioning, autonomy and 
negative emotion scales (Table 1).  
 Chapter 3: Short-term HRQoL and post-traumatic stress 
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Table 1. HRQoL reported by the young traffic injury victims  
   Pre-injury  T1  T2  Time-effect
a 
  n  mean (SD) mean (SD) mean (SD)  F  p value 
Sumscore 49  90.10 (8.71) 88.84 (11.12) 91.50 (6.39) 2.97  0.064 
Physical complaints  51  26.78 (4.94) 25.98 (5.71) 27.00 (4.23) 1.08  0.349 
Motor functioning  51  30.47 (2.75) 28.95 (4.64) 30.68 (2.43) 6.93  0.003 
Autonomy 50  31.38 (1.68) 30.53 (2.87) 31.76 (0.66) 7.27  0.004 
Cognitive functioning  50  28.78 (4.71) 29.65 (4.32) 29.52 (3.45) 0.94  0.397 
Social functioning  50  29.69 (3.00) 29.86 (3.46) 30.42 (1.99) 2.47  0.096 
Positive emotions  50  14.40 (2.15) 13.82 (2.46) 14.03 (2.65) 2.54  0.089 
Negative emotions  50  11.62 (2.45) 12.01 (3.09) 12.43 (2.67) 3.18  0.050 
a Repeated-measures analysis of variance. 
Abbreviations: T1, three months post-injury; T2, six months post-injury. 
 
 
Post-hoc comparisons between the three assessments (pre-injury, T1, T2) for 
the motor functioning scale indicated that the children reported a significantly 
lower score at T1 compared to the pre-injury score (p=0.040, BC). Between 
T1 and T2 the children noted an improvement in their motor functioning 
(p=0.003, BC) and on the autonomy scale (p=0.004, BC). The T2 scores on 
these scales did not differ significantly from the respective pre-injury scale 
scores. The post-hoc pair-comparisons for the negative emotions scale did not 
reveal significant differences between the pre-injury assessment and T1 or 
between T1 and T2. However, the number of negative emotions decreased 
between the pre-injury and T2 assessments (p=0.042, BC). 
  To examine whether reduced motor functioning or autonomy could be 
observed for specific groups of children, we performed repeated-measures 
analyses of covariance with the T1 and T2 scores on these two HRQoL scales 
as dependent variables. The inter-subject factors concerned the general 
aspects, the injury, and accident characteristics. With respect to the motor 
functioning scale, significant group effects emerged for the variables motor 
vehicle involvement (p=0.006), treatment (p=0.006), and fracture of an 
extremity (p=0.020). On the autonomy scale the latter two variables also 
showed significant group effects (treatment: p=0.039; fracture of an 
extremity: p<0.001) as well as significant group x time effects (treatment x 
time:  p=0.030; fracture of an extremity x time: p=0.002). Post hoc 
comparisons for the variables with significant group effects revealed that   58
during the follow-up period the inpatients and the children with lower 
extremity fractures reported on average significantly lower motor functioning 
and lower autonomy scores compared to respectively the outpatients and the 
children with upper extremity fractures (motor: p=0.020, BC; autonomy: 
p<0.001, BC), or without an extremity fracture (motor: p=0.026, BC; 
autonomy:  p<0.001, BC). Finally, children had lower motor functioning 
scores during the follow-up period if a motor vehicle had been involved in the 
incident compared to the children who were not injured in a motor vehicle 
crash. 
  Regarding the HRQoL sumscores, no significant group or group x time 
interaction effects emerged in the repeated-measures MANCOVAs. These 
results indicated that the subgroups of traffic-injured children did not differ in 
their average HRQoL follow-up sumscores, nor did they show different 
patterns of change in their HRQoL sumscores over time.  
 
Post-traumatic stress symptoms  
The IES was applied to explore the post-traumatic stress reactions of the 
children and their parents (Table 2). Six children (12%) suffered serious post-
traumatic stress symptoms at T1 and T2. Three of these children reported 
serious post-traumatic stress symptoms at both assessments. At T1, eight 
parents (16%) also noted serious post-traumatic stress symptoms, of which 
three continued to experience this degree of symptoms at T2.  
Table 2. Child and parent post-traumatic stress symptoms 
   Child Parent 
    T1 T2 T1 T2 
  n  (%)  n  (%)  n  (%)  n  (%) 
No symptoms  IES 0  12  (24%) 23  (45%) 20  (40%) 23  (46%) 
Mild symptoms  IES 1-7  16  (33%) 13  (25%) 8  (16%) 10  (20%) 
Moderate symptoms  IES 8-25  15  (31%) 9  (18%) 14  (28%) 14  (28%) 
Serious symptoms  IES ≥  26  6  (12%) 6  (12%) 8  (16%) 3  (6%) 
Total   49  (100%)  51  (100%) 50  (100%) 50  (100%) 
Abbreviations: IES, Impact of Event Scale; T1, three months post-injury; T2, six months post-
injury. 
 
 
  
 Chapter 3: Short-term HRQoL and post-traumatic stress 
 59 
  The child and parent T1 and T2 IES scores were significantly correlated 
(T1: Pearson's r=0.65, p<0.001; T2 Pearson's r=0.55; p<0.001). However, the 
children and their parents did not always experience the same degree of post-
traumatic stress symptoms. For instance, four parents reported serious post-
traumatic stress symptoms at T1, whereas their children reported mild or 
moderate symptoms. Likewise, the parents of three seriously distressed 
children reported moderate or no symptoms for themselves at T1. At T2, only 
one child and his/her respective parent both reported serious post-traumatic 
stress symptoms. 
  The question whether groups of children or parents experienced different 
levels of post-traumatic stress following pediatric traffic injury was analysed 
using repeated-measures MANOVAs. The mean IES scores for the variables 
with significant group or group x time interaction effects are presented in 
Table 3 (children) and Table 4 (parents). It appeared that children with head 
injuries and children injured in a motor vehicle crash reported significantly 
higher IES scores during the follow-up compared to their counterparts. 
Furthermore, at T1, the hospitalised children noted significantly increased 
IES scores compared to the nonhospitalised children. 
Table 3. Child post-traumatic stress symptoms: risk groups 
   T1  T2 
   n  mean IES (SD)  mean IES (SD) 
Treatment
† inpatients  15 18.60  (19.35) 8.40  (10.25) 
 outpatients  34  8.82  (13.94) 7.41  (14.46) 
Head injury*  head  15  20.40  (22.02) 11.20  (15.96) 
 non-head  34  8.03  (11.37) 6.18  (11.75) 
MV involved*  yes  23  19.26  (19.71) 13.78  (16.91) 
 no  26  5.23  (8.24) 2.35  (4.46) 
NOTE. Not included in the table: the variables without significant group or time x group 
interaction effects in the repeated MANOVAs: age; gender; SES; ISS; extremity fracture and 
other persons also injured in the incident.  
* significant group main effect (p<0.05). 
† significant group x time interaction effect (p<0.05). 
Abbreviations: T1, three months post-injury; T2, six months post-injury; IES, Impact of Event 
Scale; MV involved, motor vehicle involved.  
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  Regarding the parents’ post-traumatic stress reactions, significantly 
higher IES scores during the follow-up were reported by the parents of the 
following children: hospitalised children, seriously injured children (ISS≥ 9), 
children who sustained a head injury, children injured in an accident with a 
motor vehicle involved, and children injured in an accident in which other 
persons also incurred injuries. Finally, low SES parents noted significantly 
higher IES scores compared to the middle and high SES parents. 
Table 4. Parental post-traumatic stress symptoms: risk groups 
   T1  T2 
   n  mean IES (SD)  mean IES (SD) 
SES*  low
 a  10  24.90  (19.36) 12.80  (14.26) 
 middle    28  8.68  (14.37) 6.36  (9.53) 
 high  12  9.25  (13.21) 3.33  (4.56) 
Treatment* inpatients  15  19.67  (18.82) 11.27  (12.36) 
 outpatients  35  8.80  (14.08) 5.06  (8.54) 
ISS* 1-3  19  11.37  (17.64) 5.89  (9.85) 
 4-8  18  7.17  (11.52) 3.89  (6.00) 
  ≥ 9
 b  13  19.85  (17.91) 12.62  (13.09) 
Head injury*  head  15  21.20  (17.47) 13.20  (11.64) 
 non-head  35  8.14  (14.22) 4.23  (8.19) 
MV involved*
† yes  24  22.29  (17.99) 13.17  (11.48) 
 no  26  2.62  (5.14) 1.15  (2.75) 
Others injured*
† yes  9  22.89  (21.97) 10.56  (10.89) 
 no  41  9.68  (13.95) 6.12  (9.91) 
NOTE: Not included in the table: the variables without significant group or time x group 
interaction effects in the repeated MANOVAs: age; gender; and extremity fracture. 
* significant group main effect (p<0.05). 
† significant group x time interaction effect (p<0.05). 
a post-hoc comparisons: across T1-T2: significant difference low vs. middle and low vs. high 
(p<0.05, BC). 
b post-hoc comparisons: across T1-T2: significant difference ISS ≥  9 vs. ISS 4-8 (p<0.05, 
BC). 
Abbreviations: IES, Impact of Event Scale; MV involved, motor vehicle involved; T1, three 
months post-injury; T2, six months post-injury. Chapter 3: Short-term HRQoL and post-traumatic stress 
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Discussion 
The current study, with a prospective study design, provides insight into 
pediatric traffic victims’ perceptions of their HRQoL. The children 
experienced significantly adverse changes in their motor functioning and 
autonomy during the first three months after the injury. The reduced 
functioning in these HRQoL scales were short-lived, as the children’s motor 
functioning and autonomy scores at six months post-injury were comparable 
to their pre-injury scores. In addition to the HRQoL, the study also addressed 
parent and child post-traumatic stress symptoms. These symptoms appeared 
common. More than half of the children and parents reported one or more 
post-traumatic stress symptoms at six months after the incident. 
For the interpretation and generalizability of the results the response rate 
needs to be considered. Several previous studies on outcomes of pediatric 
traffic injuries also encountered difficulty in achieving high participation 
rates.
14,18,30,31 Likely factors influencing the participation rate in our study 
concerned the absence or short-term character of residual effects, as was 
indicated by a number of non-participating parents. Furthermore, inherent to a 
prospective study design is the risk of loss to follow-up.  
  The participants in our study only differed from non-participants with 
respect to a higher proportion of children with head injuries. Subsequent 
analyses showed that the presence of a head injury was not associated with 
the child’s HRQoL, but was related to higher levels of parental or child post-
traumatic stress symptoms. Consequently, our results may give an 
overestimation with respect to the post-traumatic stress experienced by young 
traffic injury victims and their parents.  
 
HRQoL 
To our knowledge, only two previous studies have assessed child viewpoints 
of their HRQoL after an injury.
11,32 These studies have reported on the child’s 
long-term HRQoL, whereas this study focused on the short-term HRQoL. 
Our results revealed that in particular, the hospitalised children and the 
children with lower extremity fractures reported significantly worse motor 
and autonomy follow-up scores compared to their counterparts. Furthermore, 
the children injured in a crash with a motor vehicle reported lower motor 
functioning. A motor vehicle is likely to cause relatively severe injuries. This 
was the case in our study, as the variable motor vehicle involvement was 
significantly associated with the severity of the child’s injuries indicated by 
the need for hospitalisation, the ISS and head injuries.    62
  Noteworthy is the absence of significant deterioration in the psychosocial 
HRQoL scales, although 29% of the children incurred minor head injuries. 
Moreover, non-head injuries also have the potential to display 
psychobehavioural dysfunction.
7,8,10 Either the children did not perceive 
deterioration in their psychosocial functioning or the TACQOL child survey, 
that is a generic HRQoL instrument, fails to detect psychosocial changes 
following pediatric injuries. Our findings may infer the latter, since a large 
number of the young traffic victims did report one or more post-traumatic 
stress symptoms. These results seemed rather confusing. However, further 
analyses, not included in the results, indicated that the subgroup of children 
with serious post-traumatic stress symptoms at T1, had significantly worse 
scores on the T1 psychosocial HRQoL scales compared to the children with 
no, mild, or moderate post-traumatic stress symptoms. This subgroup 
included only six children and was probably too small to cause a reduced T1 
psychosocial HRQoL for the total study sample. 
  
Post-traumatic stress symptoms: children 
It is only in the past decade that the psychological sequelae of traffic crashes 
in children have become subject of study.
33 A central issue in a number of 
these studies has been the prevalence of post-traumatic stress disorder 
(PTSD) in children injured in traffic incidents.
14-16,31,34,35 The identification 
and treatment of children with PTSD seems important, as symptoms of PTSD 
may disrupt a child’s functioning and development.
31,36-38 The Impact of 
Event Scale (IES) was used in our study to assess the post-traumatic stress 
reactions of the children and their parents. The IES is a widely-used 
instrument and was constructed in 1979 by Horowitz before the diagnosis of 
PTSD was introduced within the diagnostic literature.
39,40 In the DSM-IV the 
diagnosis of PTSD is based on six criteria, three of which refer to the 
following clusters of symptoms: re-experiencing of the traumatic event, 
avoidance of trauma relevant stimuli, and increased hyperarousal 
symptoms.
41 The IES taps intrusive and avoidance symptomatology, but it 
does not measure the hyperarousal symptoms included in the criteria for the 
diagnosis of PTSD. Consequently, the IES is not a PTSD diagnostic 
measure.
39 Nevertheless, the IES has been shown to correlate well with the 
diagnosis of PTSD and the usage of the IES as a screening measure for PTSD 
has been advocated.
40,42 
  Various cut-off scores for the IES have been used to identify patients at 
high risk for having PTSD. We applied a cut-off score of 26, as suggested by 
the translators of the Dutch IES. Although this cut-off score is based on a Chapter 3: Short-term HRQoL and post-traumatic stress 
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study involving adults, we applied the same cut-off for children due to the 
absence of recommendations regarding cut-off points for Dutch children. For 
a period of three months and six months following the incident, 
approximately one out of every eight children (12%) scored above the cut-off, 
thus indicating high post-traumatic stress levels. If we had applied a cut-off 
point of 30, as suggested in a recent overview of the literature on the 
assessment of PTSD in children,
43 we would have found the same proportions 
of highly distressed children, since none of the children in our sample had 
IES scores between 26 and 30. Although di Gallo et al.,
34 Mirza et al.,
35 and 
McDermott et al.
31 used other instruments, they reported comparable rates of 
traffic-injured children exhibiting a severe degree of PTSD at approximately 
three months (6%-11%) and six months (12%) after a traffic incident. 
  It appears that not all children involved in a traffic crash will experience 
significant levels of post-traumatic stress reactions. The reported risk factors 
for the development of post-traumatic stress symptoms following pediatric 
traffic injury are variable and not yet well-defined.
15,16 Our study identified 
the following subgroups of young traffic victims with an increased degree of 
post-traumatic stress symptoms: children with head injuries, hospitalised 
children, and children injured in an accident with a motor vehicle. Of these, 
the subgroup of children with head injuries, i.e. cerebral contusions or 
concussions, constitutes an interesting subgroup. The possibility of PTSD 
developing after a traumatic brain injury (TBI) has been the subject of 
considerable debate.
44 The traditional view argued that due to impaired or 
loss of consciousness occurring with a TBI, the traumatic experience cannot 
be encoded and prevents subsequent re-experiencing. However, increasing 
empirical studies on PTSD in adult and child populations indicate that PTSD 
and TBI can co-exist.
34,44-46 In a study by Levi et al.,
46 the children with 
severe TBI also displayed more severe PTSD symptoms than children with 
moderate TBI or orthopaedic injuries only. However, earlier studies found no 
differences in psychological symptoms, including post-traumatic stress 
symptoms, between children who sustained a head injury and those who did 
not.
14,47,48 Unfortunately, these studies did not clearly define head injury, and 
it is therefore difficult to compare the results regarding head injury as a 
potential risk factor for post-traumatic stress.  
  The child’s personal appraisal of the event seems important in the 
development of post-traumatic stress. Children who perceived threat and 
distress at the time of the traffic crash or immediately after the incident were 
more likely to develop PTSD in previous studies.
14,31,34 Children injured in a 
motor vehicle crash are likely to perceive the incident as more life threatening   64
compared to children who were injured in a traffic accident without motor 
vehicle involvement. This may result in more post-traumatic stress symptoms, 
as demonstrated in our study. Until now, the majority of studies on the 
psychological impact of pediatric traffic injuries has been limited to the 
consequences of motor vehicle crashes. Our findings regarding the low IES 
scores in the children injured in an accident without the involvement of a 
motor vehicle, such as bicycle vs. bicycle collisions and bicycle falls, seems 
to justify the exclusion of these incidents in studies of pediatric post-traumatic 
stress. 
 
Post-traumatic stress symptoms: parents 
The studies on PTSD after pediatric traffic injury have focused primarily on 
the degree of post-traumatic stress symptoms in the directly traumatised 
children. However, diagnostic descriptions of what constitutes a traumatic 
event suggest that the knowledge of the exposure of a loved one to a 
traumatic event or the witnessing of the event can also be traumatising, even 
though these persons were not physically harmed or threatened themselves.
49 
In order to expand the limited knowledge of the psychological impact of 
pediatric traffic injury on these so-called secondary victims, we explored the 
degree of post-traumatic stress symptoms for parents after pediatric traffic 
injury. Three months and six months after their child’s involvement in a 
traffic incident 60% and 54% of the parents, respectively, reported one or 
more post-traumatic stress symptoms. Moreover, a small percentage of 
parents were at high risk for PTSD, as they reported scores above the IES cut-
off point (16% at three months and 6% at six months). Previously, de Vries et 
al. indicated that 15% of parents of a comparable sample of traffic-injured 
children had diagnostic PTSD at 7-12 months.
15 Furthermore, the acute 
psychological impact on parents was recently illustrated by Winston et al.
18 
Within the first month, 83% of the parents of children admitted to hospital for 
treatment of injuries from traffic crashes reported a clinically significant 
symptom of acute stress disorder. Our results and those of the above-
mentioned studies indicate that it is likely that a substantial number of parents 
will suffer significant distress following pediatric traffic injury.  
  Which parents are at highest risk of post-traumatic stress? Identification 
of these parents is important for the parents as well as for their children, 
because parental psychological distress may influence child symptoms and 
interfere with the parents’ ability to support the child.
50-52 In addition to the 
SES, we found the severity of the child’s injuries and details of the accident 
to be related to the parental post-traumatic stress symptoms. The association Chapter 3: Short-term HRQoL and post-traumatic stress 
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between increased parental post-traumatic stress symptoms and the children 
being injured in a traffic crash with a motor vehicle is consistent with 
previous studies.
15,18 Furthermore, the parents of the more severely injured 
children may think of the incident as a threatening event, due to the 
seriousness of the injuries. Moreover, the stress symptoms may be triggered 
more often, as these parents are continuously reminded of the child’s 
involvement in a crash due to the child’s serious condition and the time 
needed for recovery. However, previous studies have not found the child’s 
ISS
15,18 and the child’s hospital admittance
15 to be related to the degree of 
parental post-traumatic stress. Evidently, future studies are needed to further 
examine potential origins of parental post-traumatic stress following pediatric 
traffic injury, including severity indicators of the child’s injuries. 
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Abstract 
Objective:    To describe the health-related quality of life (HRQoL) of 
young traffic victims and to identify those children who are 
at high risk of a reduced HRQoL. 
Methods:   Retrospective analysis of data obtained from a registration 
system and from questionnaires completed by 211 parents of 
young traffic victims who attended the department of 
traumatology in 1996 and 1997. 
Results:    The overall group of young traffic victims experienced a 
lower HRQoL sumscore compared with the reference 
population (p=0.001). A total of 48 parents (23%) attributed 
their child’s reduced HRQoL specifically to the traffic 
accident. The socioeconomic status (SES) of the father 
(p=0.018) and the Injury Severity Score (p<0.001) emerged 
as significant predictors of traffic-related HRQoL.  
Conclusion:   Children of low SES parents and severely injured children 
are at particularly high risk of a reduced HRQoL following a 
traffic accident. However, not solely severely injured and 
hospitalized young traffic victims may suffer a diminished 
HRQoL but traffic-related injuries of minor or moderate 
severity may cause substantial problems as well. 
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Introduction  
The magnitude and severity of traffic accidents on children is often illustrated 
by the number of child fatalities caused by traffic accidents. These mortality 
statistics, however, only partially reflect the effects of road traffic accidents. 
For a more complete understanding of the impact of traffic accidents on 
children the residual disabilities of the survivors should also be taken into 
account. After a traffic accident young victims may suffer a broad range of 
problems including physical impairments and disabilities as well as 
behavioral problems and psychological distress.
1-7 However, to what extent 
these problems affect the health-related quality of life (HRQoL) remains 
unknown. HRQoL refers to the subjective and objective impact of 
dysfunction associated with a disease or injury, medical treatment, and health 
care policy.
8 HRQoL assessments are important for the evaluation of the 
efficacy of medical interventions as well as for the identification of patients at 
risk for residual physical and psychological dysfunction.
8,9 
  Our study aims to evaluate the HRQoL of a group of young traffic 
victims, and, in addition, to identify those traffic victims at high risk of a 
reduced HRQoL and thereby possibly in need of more intensive intervention 
programs. 
 
Patients and Methods 
The study population concerned all consecutive young traffic victims treated 
at the department of traumatology of the University Hospital Groningen, the 
Netherlands, in 1996 and 1997. We selected those children who were aged 4-
13 years at time of the accident and 6-15 years at follow-up in June 1999. 
These patients were identified through a computerized trauma registration 
system: the Registratie Letsels en Ongevallen Groningen (RLOG).
10 The 
RLOG registers data on all patients treated at the department of traumatology 
since 1970. Further data were obtained from detailed self-completed 
questionnaires which were mailed to all the parents of the young traffic 
victims. The present study was approved by the Medical Ethical Committee 
of the University Hospital Groningen. 
 
Data from the Registration System RLOG 
Data concerning general characteristics of the study population, including 
age, gender, injury cause, injury diagnoses, treatment on an inpatient or 
outpatient basis, the Abbreviated Injury Scale (AIS) score, the Injury Severity 
Score (ISS), and the body region of most severe injury were attained from the 
RLOG.    72
  Traffic accidents corresponded to codes E810-E819 and E826 of the 
International Classification of Diseases, 9
th Revision, Clinical Modification 
(ICD-9-CM).
11  
  The injury diagnoses were coded according to the ICD-9-CM and 
categorized into the body regions of the AIS.
12 The body region with the 
highest AIS score was defined to be the maximum AIS (MAIS) body region. 
If AIS scores were equal for two or more different body regions, the MAIS 
body region was defined relative to the risk of permanent disablement in the 
following order: head > lower extremity > upper extremity > face >  thorax/ 
abdomen.
13 
  The ISS was calculated as an indicator of the overall severity of the 
injuries.
14 The ISS ranges from 1 through 75 with a score of 75 reflecting 
virtually unsurvivable injuries. The ISS was categorized into ISS 1-3 (injuries 
of minor severity), ISS 4-8 (injuries of moderate severity), or ISS ≥  9 (serious 
and severe injuries).
15 
 
 
Data from the questionnaire 
To assess the HRQoL of the young traffic victims the questionnaire contained 
the standardized TACQOL (TNO-AZL Children’s Quality of Life) parent-
form questionnaire (see Appendix).
16 HRQoL is defined as a weighting of 
health status problems by the emotional impact of such problems. The 
TACQOL is developed for children aged 6-15 years and covers seven scales: 
physical complaints, motor functioning, cognitive functioning, social 
functioning, autonomy, and positive and negative emotions. Both emotion 
scales range from 0-16 and the remaining scales range from 0-32. Higher 
scores represent a better HRQoL. The scale scores were added and divided by 
1.92 to obtain a sumscore ranging from 0 through 100. If health status 
problems were present an additional question inquired whether these 
problems could specifically be attributed to the traffic accident. As such, a 
subgroup of children with traffic-related health status problems (P
+ group) 
could be distinguished from children without health status problems or 
children with health status problems unrelated to the traffic accident (P
- 
group). The psychometric performance of the TACQOL has been evaluated 
in the general population and in groups of children with chronic conditions 
and has been found satisfactory.
17-19 Previously gathered TACQOL reference 
data were available to make comparisons with the traffic victims. These 
reference data were obtained through two random samples of children of the 
general Dutch population (6-11 years, n=1788; 12-15 years, n=262). The 
samples were stratified by age and gender and the children were selected Chapter 4: Long-term HRQoL 
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through regional GGDs (municipal health services) spread over the 
Netherlands. The age distributions within both samples differed only slightly 
from the age distributions in the general Dutch population in 1999 (first 
sample: 6-7 y, 37%; 8-9 y, 30%; 10-11 y, 33% vs. general population: 34%; 
34%; and 33%) (second sample: 12-13 y, 57%; 14-15 y, 43% vs. 51%; 
49%).
20 In the total reference group of n=2050 children aged 6-15 years the 
boy/girl ratio was 49/51 which is comparable to the ratio of 51/49 in the 6-15 
year-old general Dutch population in 1999.
20  
  The questionnaire also included questions on the socioeconomic status 
(SES) of both parents. The SES was measured by the highest educational 
level attained by both parents and categorized into three levels of education 
corresponding to the levels of the International Classification of Education: 
21 
low (primary school, lower vocational education), middle (secondary school, 
intermediate vocational education), and high (higher vocational education, 
university education). Furthermore, the experience of a stressful life event by 
the child after the traffic accident was assessed by a checklist including the 
following events: parental divorce, death of a family member or death of 
someone else, serious illness of a family member, moving to a new home, 
unemployment within the family, or another unmentioned stressful event. 
Also, the consequences of the traffic accident for the school career of the 
child were obtained through two questions. These questions inquired whether 
the child had failed to pass a class or had had to change his or her educational 
level due to the traffic accident. Finally, the questionnaire assessed whether 1 
or more of 13 of the most prevalent chronic diseases in the general Dutch 
child population
20 were present in the child before the traffic accident.  
 
Statistical Analysis 
Continuous and discrete variables were compared with variance analysis and 
χ
2 test, respectively. In case of multi-group comparisons Bonferroni post hoc 
test was used. Our overall study population and the P
- group differed from the 
reference group regarding the distributions of age (p<0.001), gender (p<0.05), 
and the SES of the mother (p<0.01). The P
+ group differed from the reference 
group regarding the distributions of age (p<0.01) and the SES of the father 
(p<0.05). We corrected for these variables in the respective comparisons 
between the HRQoL of the reference group, the total group of traffic victims, 
the P
+ group, and the P
- group. Furthermore, we calculated the effect size of 
Cohen to express the difference between the traffic victims and the reference 
group for the TACQOL scales.
22 The effect size is calculated by dividing the 
difference between the mean values of the two independent groups by the SD   74
(pooled SD). Finally, multiple linear and logistic regression analyses (method 
backward) were applied to identify variables predictive of the traffic victims’ 
HRQoL. 
 
Results 
In the 2-year period a total of 327 young traffic victims were treated at the 
department of traumatology. Seven parents could not be contacted due to 
altered addresses. Of all 320 parents who were asked to participate a total of 
214 completed the questionnaires (response rate, 67%). These 214 
respondents were more severely injured compared with the nonrespondents 
(mean ISS: respondents 4.1 vs. mean ISS nonrespondents 2.6; p=0.001) and 
were more often treated as inpatients (24% vs. 13%, respectively; p=0.021). 
The group of respondents did not differ from the group of nonrespondents by 
age or gender distribution. Three questionnaires were completed incorrectly 
and therefore the presented results concern data of 211 young traffic victims. 
 
Characteristics of the respondents 
The mean follow-up time was 2.4 years (range 1.5 – 3.4 years). The group of 
traffic victims had a mean age of 10.8 years (SD 3.1) at follow-up and more 
than half of the patients concerned boys (n=122, 58%). Eighteen percent of 
the parents reported that their child suffered one or more chronic diseases 
before the traffic accident and 45% experienced one or more stressful life 
events after the accident.  
  The children were injured as bicyclists (57%), bicycle passengers (19%), 
pedestrians (13%), and as motor vehicle passengers (11%). Half of the 
bicyclists (53%) were injured in a single-bicycle accident without the 
involvement of another road-user and nearly all bicycle passengers sustained 
bicycle-spoke injuries (88%).  
  The children incurred particularly ‘minor injuries’ with ISS of 4 or less 
(80%) and the majority of children were treated as outpatients (75%). Nearly 
two-thirds of the children (63%) sustained only one injury. The injuries 
mostly affected the extremities (upper extremities, 23%; lower extremities, 
35%), followed by the face (22%), the head and neck (12%), the abdomen 
and pelvic contents (4%), and the chest (3%).  
  Nine parents indicated that their child had failed to pass a class due to the 
traffic accident and three parents reported that their child changed his or her 
educational level due to the traffic accident. One child had not only changed 
his educational level but had failed to pass a class as well. This subgroup of 
11 children (5%) who had either failed to pass a class or had changed Chapter 4: Long-term HRQoL 
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educational level were injured as bicyclists (n=7), as pedestrians (n=2), and as 
motor vehicle passengers (n=2). They incurred minor through very severe 
injuries with ISS ranging from 4-43 and all but two required hospitalization. 
Although the head was the most frequent severely affected body region in 8 
of the 11 children, three children incurred only extremity injuries. 
  Compared with the reference group, the total group of traffic victims had 
significantly lower scores on five of the seven HRQoL scales as well as a 
significantly lower HRQoL sumscore indicating more health status problems 
and a lower HRQoL (Table 1). After correction for the variables age, gender, 
and the SES of the mother the traffic victims had lower scores on all HRQoL 
scales (all corrected p values ≤  0.02) except for the physical complaints scale 
(p=0.793).  
Table 1. HRQoL of the total group of traffic victims versus the reference group 
  Traffic victims  Reference group   
  n  mean (SD)  n  mean (SD)  p value
 b 
Effect Size 
Cohen 
c 
TACQOL-sumscore 200 
a  89.11 (9.74)  1941  90.82 (6.29)  0.001  0.21 
TACQOL-scales:            
Body  205  27.26 (4.52)  2032  27.13 (3.97)  0.683  0.03 
Motor  204  29.99 (4.28)  2032  30.78 (2.49)  <0.001  0.23 
Autonomy  204  31.01 (2.84)  2039  31.28 (1.73)  0.043  0.11 
Cognition  203  28.20 (4.99)  1996  29.02 (3.72)  0.004  0.19 
Social  205  29.37 (3.27)  2032  29.83 (2.52)  0.015  0.16 
Positive emotions  203  14.15 (2.61)  1999  14.74 (2.11)  <0.001  0.25 
Negative emotions  203  11.21 (2.87)  2000  11.55 (2.40)  0.065  0.13 
a sumscores are calculated for children with scores on all TACQOL scales only. 
b uncorrected p-value calculated with analysis of variance. 
c effect sizes according to Cohen: 0.20 small effect size; 0.50 medium effect size and 0.80 
large effect size.
22 
 
 
To investigate which variables contributed to the lower HRQoL of the 
traffic victims we applied a one-way ANOVA (Table 2). Inpatients, children 
with ISS scores ≥  9, children who experienced a stressful life event in the 
period after the traffic accident, and children of low SES parents showed 
significantly lower HRQoL sumscores. These five variables were entered as 
independent variables in a backward regression analysis with the sumscore of 
the TACQOL as dependent variable. The ISS (entered as continuous variable: 
p=0.002; β =-0.21), the educational level of the mother (p<0.001; β =0.27),   76
and the experience of a stressful life event after the traffic accident (p=0.016; 
β =-0,17) appeared to be significant explanatory variables. The model 
explained 14% of the variance (adjusted R
2 =0.14). The educational level of 
the father was not significant in regression analysis. However, the educational 
level of the father was significantly correlated with the educational level of 
the mother (Spearman r=0.62;  p<0.001) and appeared to be a significant 
explanatory variable for the HRQoL when the educational level of the mother 
was not entered in regression analysis. As such, the SES of both parents 
seems to play a role in the HRQoL of the overall group of young traffic 
victims with the educational level of the mother being the most important. 
Table 2. Determinants of HRQoL (n=200) 
Determinants
 a  
n 
 
TACQOL sumscore 
Mean    (SD)  p value 
Treatment Inpatient  50   85.71  (13.18)   0.025 
 Outpatient  150   90.24  (8.02)    
ISS  ISS 1-3 (minor)  102   90.85  (6.51)   0.010
b 
  ISS 4-8 (moderate)  70   88.28  (11.77)    
  ISS ≥  9 (serious/severe)  28   84.83  (12.42)    
Life event  No life event  111   90.68  (8.26)   0.010 
  ≥  1 life event  89   87.13  (11.05)    
Low 51   84.75  (13.60)   0.001
c 
Educational level father 
Middle   80   89.78  (6.67)    
 High  56   91.56  (8.76)    
Low 45   83.11  (14.17)   <0.001
d 
Educational level mother 
Middle   89   90.70  (6.39)    
 High  57   91.21  (8.50)    
a means of insignificant determinants: MAIS body region (p=0.677), type of road-user 
  (p=0.500), gender (p=0.472), and chronic disease (p=0.159) are not displayed in table. 
b post hoc Bonferroni test significant mean difference between ISS 1-3 and ISS 9+ (p=0.011). 
c post hoc Bonferroni test significant mean difference between low and middle (p=0.012) and  
  low and high educational level father (p=0.001). 
d post hoc Bonferroni test significant mean difference between low and middle (p<0.001) and  
  low and high educational level mother (p<0.001). 
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Subgroup with traffic-related problems 
As a number of factors and events may have affected the HRQoL of the 
traffic victims in the period after the traffic accident we used additional 
questions to identify a subgroup of traffic victims with health status problems 
specifically attributed to the traffic accident (the P
+ group: see Patients and 
Methods section). A total of 48 (23%) parents reported traffic-related health 
status problems. One-third of these parents (33%) reported traffic-related 
problems on one HRQoL scale and 10% reported traffic-related limitations on 
all scales. Whereas the P
+ group experienced a significantly lower HRQoL 
compared with the reference sample (Table 3), the other 163 young traffic 
victims without traffic-related health status problems, i.e., the P
- group, 
showed no significant differences in HRQoL scores compared with the 
reference group (variance analyses corrected for age, gender, and SES of the 
mother: all p values > 0.05). 
  To reveal the specific characteristics of the children with traffic-related 
problems we compared the P
+ group with the P
- group. The P
+ group 
concerned proportionally more inpatients (p<0.001), sustained more serious 
and severe injuries (ISS ≥  9) (p<0.001), incurred more injuries to the head 
and lower extremities (MAIS body region, p=0.010), consisted of more motor 
vehicle passengers and pedestrians (type of road user, p=0.001), experienced 
more stressful life events after the accident (p=0.035), and concerned 
proportionally more children of low SES fathers (educational level father, 
p=0.004). The groups did not differ on age (p=0.182) or follow-up time 
(p=0.161) nor did they differ significantly on gender (p=0.802), the presence 
of a chronic disease before the accident (p=0.494), or the educational level of 
the mother (p=0.244). All significant variables were entered in backward 
logistic regression.  The final model included the ISS (p<0.001), the 
educational level of the father (p=0.018), and the experience of a life event 
after the accident (p=0.059). Children of fathers with a low educational level 
were five times more likely to experience a lower HRQoL as a consequence 
of the accident compared with young traffic victims of highly educated 
fathers (adjusted odds ratio (OR) 5.0 (95% confidence interval (CI), 1.6-
15.8); p=0.006). Furthermore, young traffic victims with serious and severe 
injuries were 11 times more likely to incur traffic-related low HRQoL 
compared with children with minor injuries (adjusted OR 11.1 (95% CI, 3.9-
31.6); p<0.001).   78
Table 3. HRQoL of the P
+ group versus the reference group 
 P
+ group
 a Reference  group   
  n  mean (SD)  n  mean (SD)  p value
 b 
TACQOL-sumscore 47
 c  82.52 (13.10)  1941  90.82 (6.29)  <0.001 
TACQOL-scales:          
Body  48  25.73 (4.97)  2032  27.13 (3.97)  0.016 
Motor  47  26.79 (6.39)  2032  30.78 (2.49)  <0.001 
Autonomy  47  29.55 (4.40)  2039  31.28 (1.73)  <0.001 
Cognition  48  25.32 (6.71)  1996  29.02 (3.72)  <0.001 
Social  48  27.88 (4.54)  2032  29.83 (2.52)  <0.001 
Positive emotions  48  13.71 (2.92)  1999  14.74 (2.11)  0.001 
Negative emotions  48  9.69 (3.00)  2000  11.55 (2.40)  <0.001 
a P
+ group includes traffic victims with health status problems attributed to the traffic 
  accident. 
b uncorrected p-value calculated with analysis of variance (all p values < 0.05 after correction  
  for age and SES of the father). 
c sumscores are calculated for children with scores on all TACQOL scales only. 
 
 
Discussion 
The present study is the first study exploring the HRQoL of young traffic 
victims after attending the emergency department for the treatment of traffic-
related injuries. Information on the HRQoL of young traffic victims is 
important as it enlarges the current insight and understanding of the impact of 
traffic accidents on children. Until now the impact of traffic accidents on 
children has only been reflected by a small number of outcome studies.
1-7  
These outcome studies have not yet addressed the subjective appraisal of the 
patient’s health status problems following a traffic accident. These data, 
however, are important for our efforts to improve the long-term outcomes of 
young traffic victims.  
  The overall study population of young traffic victims experienced a 
significantly lower HRQoL compared with the reference group. However, a 
remark concerning these findings should be made as the mean differences and 
the observed effect sizes were small (Table 1). The small differences may 
have achieved statistical significance due to the large number of 
approximately 2000 children in the reference sample. Much larger mean 
differences were observed comparing the HRQoL of subgroups of traffic 
victims with the HRQoL of the reference sample. Future focus on these Chapter 4: Long-term HRQoL 
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subgroups (i.e., hospitalized traffic victims, serious and severely injured 
children, traffic victims who experienced a stressful life event after the traffic 
accident, and children of parents with low SES) may be worthwhile. 
  Although the association between the MAIS body region and the HRQoL 
was not significant in the present study we did observe that children with 
MAIS head had the lowest HRQoL followed by children with MAIS lower 
extremity. This is in line with outcome studies on pediatric injuries reporting 
that children with head injuries suffer proportionally more distress compared 
with children with extracranial injuries only.
23,24 The fact that the majority of 
traffic victims of our study population suffered extremity injuries and only a 
small proportion incurred severe head injuries may possibly explain the fact 
that the HRQoL of traffic victims with MAIS head did not differ significantly 
from the HRQoL of traffic victims with other MAIS body regions.  
  To ascertain that reported health status problems were actually the result 
of the traffic accident and were not caused by other factors we defined a 
subgroup with traffic-related health status problems (P
+ group) within the 
total study population. The definition of this subgroup was based on the 
parents’ perceptions on whether health status problems could be specifically 
attributed to the traffic accident. Although this definition is very subjective 
and may be seen as a limitation of our study methodology, it has been 
previously used by others.
25,26 The children in the P
+ group suffered a 
significantly lower HRQoL compared with the reference group. In contrast, 
the remaining children without any complaints and those children with 
traffic-unrelated health status problems (P
- group) experienced a HRQoL 
equal to the reference group. Although the P
+ group differed from the P
- 
group on nearly all the injury-related and sociodemographic variables, the 
SES of the father and the ISS remained the only significant predictors of 
traffic-related low HRQoL. More specifically, children of low SES fathers, 
i.e., fathers who attained primary school or lower vocational education as 
highest educational level, and seriously and severely injured children 
appeared to carry the highest risk of perceiving a poor outcome in terms of 
HRQoL.  
  Studies on socioeconomic health inequalities report that children of 
parents with a low SES have a worse health and well-being compared with 
children of parents with a higher SES.
27,28 In the present study we found a 
similar trend with children from low SES parents carrying the highest risk of 
a low HRQoL following a traffic accident. The SES distribution of our study 
population was highly comparable to the SES distribution of the reference 
group with only more highly educated mothers in the study population.   80
Therefore, the lower HRQoL in the overall group of young traffic victims 
seems not to be caused by the SES distribution. This is confirmed by the fact 
that the group of young traffic victims still suffered a lower HRQoL 
compared with the reference group after correction for the SES distributions. 
The low SES traffic victims may also have had a lower pre-injury HRQoL 
compared to the higher SES traffic victims. The degree to which the pre-
injury HRQoL is affected by the traffic accident and differs between children 
of different socioeconomic classes needs to sorted out in a future longitudinal 
study. This study should assess both pre-injury and post-injury data of young 
traffic victims from different socioeconomic classes. 
  Possible explanations for the strong association between the SES and the 
HRQoL can be extracted from research on health differences in adult 
populations. These studies report that the differential distribution of 
psychosocial resources among different social classes is a factor that is 
associated with inequalities in health outcomes.
29 These psychosocial 
resources, including a sense of personal control, optimism, social support, and 
ways of coping enable people to cope with stressful encounters. As adverse 
personality profiles and negative coping styles seem to be more common in 
people who grew up in lower social classes,
30 the children of low SES parents 
in our study population may have had less psychosocial resources available to 
cope with the consequences of the traffic accident compared with their 
counterparts of high SES parents. Furthermore, other factors such as 
differential use of health services may also play a role in the association 
between parental SES and the young traffic victims’ HRQoL. In the 
Netherlands, for instance, notable differences in health care utilization by 
different socioeconomic classes have been observed.
31  
  One of our study limitations is that we measured the young traffic 
victims’ HRQoL from the viewpoint of the parents. As the HRQoL involves 
the patient’s emotional response to health status problems the child may seem 
to be the best informant. However, children may be lacking in their 
vocabulary, their reading skills, and their cognition.
16,18 Furthermore, as 
parents are generally assumed to be well informed about their children’s 
functioning and feelings they are considered to be good proxies.
16 The 
importance of the perception of the parent should not be underestimated, as 
the parents are the ones to detect problems and to support their child. These 
considerations indicate that it is important to reveal the parents’ views on the 
HRQoL of young traffic victims. Eventually, it seems best to obtain both the 
parents’ and the child’s perspectives.
19  Chapter 4: Long-term HRQoL 
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  In the present study, parents of the more severely injured and hospitalized 
children agreed to participate to a higher degree than did parents of the less 
severely injured and nonhospitalized children. Therefore, one may assume 
that our results overestimate the effects of traffic accidents on the HRQoL of 
children. However, although the ISS was significantly related to the HRQoL 
of the pediatric traffic victims, a number of other variables indicative of the 
nature and severity of the injuries (i.e., the need for hospitalization and the 
MAIS body region) showed no significant relation with the HRQoL in 
regression analysis.  Therefore, it seems questionable and unlikely that we 
have to do with an overestimation in our study. Moreover, the subgroup of 
children encountering school problems due to the traffic accident concerned 
not solely severely injured children or hospitalized children with head 
injuries. These findings correspond with studies reporting that ‘neither 
accident characteristics nor the nature or severity of personal injuries were 
related to the psychological distress of young traffic victims’.
1,7 It is 
important to notice that traffic victims with relatively minor injuries or treated 
as outpatients may also suffer considerable distress and problems. These 
children should not be overlooked or ignored in outcome studies or 
intervention programs. 
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Appendix 
Table with items of the TACQOL- parent form
16 
Physical complaints (body):  
has your child …..  
was your child ….. 
had earaches/sore throats; stomach-aches/abdominal pain; headaches; 
been dizzy; felt sick/nauseous 
tired; sleepy; dozy/lethargic? 
Motor functioning:    
did your child have 
difficulty with ….. 
running; walking; standing; walking downstairs; playing; running or 
walking for long periods; balance; doing things handily or quickly 
Autonomy:  
did your child have 
difficulty with ….. 
going to school on his/her own; washing himself/herself; getting dressed 
on his/her own; going to the lavatory on his/her own; eating or drinking 
on his/her own; sports or going out to play on his/her own; doing 
hobbies on his/her own; riding a bicycle 
Cognition:    
did your child have 
difficulty with ….. 
paying attention/concentrating; understanding schoolwork; 
understanding what others said; arithmetic; reading; writing; learning; in 
saying what he/she meant 
Social functioning:   
my child was able to …..  play or talk happily with other children; stand up for himself/herself with 
other children; play or talk happily with us - the parent(s);  
my child was …..  at ease with other children; incommunicative or quiet with us - the 
parent(s); restless or impatient with us – the parent(s); defiant with us - 
the parent(s) 
other children asked my child to play with them 
Positive emotions:    
my child felt …..  joyful; in good spirits; contented; enthusiastic; relaxed; happy; confident; 
cheerful 
Negative emotions:   
my child felt …..  short-tempered; jealous; anxious; sad; angry; worried; gloomy; 
aggressive   84
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Abstract 
Objectives:    To describe the long-term health-related quality of life 
(HRQoL) reported by young traffic injury victims and to 
assess the child-parent agreement on the child’s HRQoL. 
Design:   Cohort study with a mean follow-up of 2.4 years.  
Setting:   Traumatology Department in a University Hospital  in The 
Netherlands. 
Patients:   All traffic injury victims treated at the Traumatology 
Department in 1996-1997 and aged 8 to 15 years at follow-
up (n=254). The data of 157 child-parent pairs were 
available for analysis (mean follow-up age 12±2.4 y; 57% 
boys; 24% hospitalized). 
Interventions:   Not Applicable  
Main Outcome Measure: TNO-AZL Children's Quality of Life (TACQOL)  
      parent and child questionnaires. 
Results:   Young traffic injury victims reported a significantly lower 
HRQoL in the motor and autonomy scales compared with 
contemporaries in the reference group. The child-parent 
agreement ranged from low to moderate (intraclass 
correlations 0.35-0.67). A comparison made between the 
children and their parents found that the children were more 
negative regarding the physical complaints and the motor, 
autonomy, and positive-emotion scales. 
Conclusions:    Young traffic injury victims reported a reasonably good 
long-term HRQoL, and, surprisingly, few psychologic 
problems were revealed. 
  Physicians who rely only on parental reports may 
overestimate the child’s HRQoL, especially when assessing 
the physical functioning. The child’s own reports should not 
be neglected in the assessment of a comprehensive picture of 
the child’s HRQoL. 
 Chapter 5: HRQoL-child versus parent report 
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Introduction 
In high-income countries, road traffic injuries are the leading cause of death 
among children over the age of 5 years.
1 For each death from traffic injury, 
there are many more nonfatal injuries that require medical care. Nonfatal 
injuries are far more interesting with respect to medical consumption and the 
use of financial resources. However, it is only in the past decade that the 
nonfatal outcome of young traffic injury victims has been addressed in the 
international literature.
2-10 Most of these studies have focused on the 
psychologic effects, and, mainly, on posttraumatic stress reactions.
4-10 Despite 
this growing interest in the outcome of young traffic victims, the effects on 
the long-term health-related quality of life (HRQoL) have received little or no 
attention.  
  A complex issue in assessing the HRQoL of children is whether the 
parent or the child should be the primary informant. Parents have commonly 
been used as the major informants because of doubts about the children’s 
ability to present accurate information.
11,12 However, evidence is emerging 
that children are able to provide accurate and reliable information concerning 
their health status.
11,13,14 Moreover, because HRQoL is subjective and relates 
to the experience and feelings of an individual person, the child would seem 
to be the best informant.
15,16 The relationship between parent and child 
reports of child HRQoL has not been extensively examined and remains an 
important domain to consider.
12 
  The objectives of our study were to describe the long-term effects of 
traffic accidents on the child’s HRQoL from the child’s point of view and to 
evaluate the degree of concordance between child and parent reports. 
 
Methods 
Participants 
The study population consisted of a cohort of pediatric traffic victims who 
presented to the Department of Traumatology at the University Hospital 
Groningen, Groningen, The Netherlands, in 1996-1997. Only young traffic 
victims between 8 and 15 years of age at follow-up were selected for 
assessment in June 1999. The study was approved by the Medical Ethics 
Committee of the University Hospital Groningen. 
  Traffic crashes corresponded to codes E810 through E819 (motor 
veheicle traffic crashes) and E826 (pedal cycle crashes) of the International 
Classification of Diseases, 9th Revision, Clinical Modification
17 (ICD-9-CM). 
The study population was identified by a computerized trauma registration 
system, the RLOG (Registratie Letsels en Ongevallen Groningen).
18 The   88
registration system provided the following characteristics of the traffic 
victims: age, gender, injury diagnoses, treatment on an inpatient or outpatient 
basis, the Abbreviated Injury Scale (AIS) score
19 and the Injury Severity 
Score 
20 (ISS). The injury diagnoses were coded according to the ICD-9-CM 
and categorized into the body regions of the AIS. The ISS is an anatomic 
scoring system that provides an overall severity score for patients with 
multiple injuries. The ISS values range from 0 (no injury) to 75 (virtually 
unsurvivable). The ISS was categorized by level of injury severity into ISS 1 
to 3 (minor), ISS 4 to 8 (moderate), and ISS ≥  9 (serious and severe).
21  
  
Questionnaires 
Questionnaires were sent to all parents and children. The parental 
questionnaire included questions about the traffic crash and assessed whether 
the child had had 1 or more chronic illnesses before the traffic crash. 
  To assess the HRQoL of the young traffic victims, the child and parent 
questionnaires contained the standardized child form (CF) and parent form 
(PF), respectively, of the TNO-AZL Children's Quality of Life (TACQOL) 
questionnaire.
22 The TACQOL PF and CF are identical in design, structure, 
and content, with some slight variations in the phrasing of the items. Both 
forms contain seven 8-item scales: physical complaints, motor functioning, 
cognitive functioning, social functioning, autonomy, and positive and 
negative emotions (Appendix 1). For each item, the frequency that a health 
status problem occurred was assessed. If such a problem was reported, the 
child's emotional reaction to this problem was determined (see question 
example, Figure 1). The items were scored on a scale from 0 to 4. Eventually, 
the item scores within a scale were added to a scale score, ranging from 0 to 
32. No emotional responses were assessed for the scales concerning positive 
and negative emotions, because this would lead to illogical items.  
The items on the emotional scales were scored on a scale from 0 to 2, and, 
consequently, these scales range from 0 to 16. Higher scores on the TACQOL 
scales represent a better HRQoL. The psychometric performance of both 
TACQOL forms is satisfactory.
23-26  Chapter 5: HRQoL-child versus parent report 
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Did you have difficulty with 
running? 
 
 never 
(4) 
 occasionally   often   
  
 
At that time I felt: 
 
  
 fine 
(3) 
 not so good 
(2) 
 quite bad 
(1) 
 bad 
(0) 
 
Figure 1. An item of the TACQOL 
This is an example of an item in the motor scale of the child form. The item values are 
in parentheses. 
 
 
Reference Group 
Reference data gathered from 2 random sample groups of children from the 
general Dutch population (n=1131 children 8-11y; n=1252 children 12-15y) 
were available to compare with our study population. Both sample groups 
were stratified by age and gender and drawn up by Community Health 
Services in the Netherlands. In addition to the TACQOL scores, data 
concerning the age, gender, and presence of a chronic illness in the reference 
group were available for analysis.  
 
Statistical Analysis  
Chi-square tests were used to compare the distributions of gender and 
treatment between the groups of respondents and nonrespondents. The mean 
age and mean ISS scores in these groups were compared with use of t tests.  
  The TACQOL scores of the young traffic victims and the reference group 
were analyzed with analyses of variance and corrected for age, gender, and 
the presence of chronic illnesses (ANCOVA). The TACQOL scores of the 
young traffic victims and their parents were compared with use of paired t 
tests.  
  To evaluate further the relationship between child and parent reports, 
Pearson correlation coefficients (r) were calculated. A disadvantage of the 
Pearson correlation coefficient is that it measures linear association. Two 
scores may correlate perfectly yet differ systematically. If there is a nonlinear 
association, the intraclass correlation (ICC) statistic is preferable.
27 The 
strength of agreement reflected by the ICCs was categorized as follows: 0.30 
to 0.49, low agreement; 0.50 to 0.79, moderate agreement; and ≥  0.80, good   90
agreement. All statistics were performed by using SPSS statistical software, 
version 9. 
 
Results 
Study Population 
The questionnaires were sent to 254 young traffic injury victims and their 
parents. A total of 163 parents (64%) and 157 (62%) children completed the 
questionnaires, and, eventually, 157 pairs of both parent and child forms were 
available for analyses. The 157 children who completed the questionnaire 
were more severely injured than the 97 nonrespondents (mean ISS 
respondents, 4.3± 6.1 vs mean ISS of nonrespondents, 2.7± 2.6; p=0.003) but 
did not differ in the distributions of gender (p=0.192), treatment on an 
inpatient or outpatient basis (p=0.120), or mean age (p=0.408).  
  The mean follow-up time of the 157 respondents was 2.4± 0.6 years 
(range, 1.5-3.4 years) after the traffic crash. They had a mean age of 12± 2.4 
years at follow-up, and boys represented 57% of the total group of 
respondents. These children had been injured as bicyclists (65%), pedestrians 
(11%), motor vehicle passengers (11%), bicycle passengers (10%), and other 
road users (3%). The 157 children had sustained 274 injuries, most of which 
were extremity injuries (58%), followed by injuries affecting the face (18%), 
the head (15%), and the thorax or abdomen (8%). Half of the children 
incurred minor injuries (52%; ISS range, 1-3). Almost one quarter of the 
young traffic victims had been hospitalized (24%), and these hospitalized 
children had a mean ISS of 11.3± 9.2 and a median hospital stay of 7 days 
(range, 1-69 d).  
 
HRQOL: child reports 
The young traffic victims differed in their HRQoL scores from 
contemporaries in the reference group only in the physical scales of the 
TACQOL questionnaire (Table 1). The traffic victims reported fewer physical 
complaints compared with the reference group, but they reported more 
problems in the motor and autonomy scales. Correction for age, gender, and 
chronic illnesses resulted in p values that were comparable to the uncorrected 
p values presented in Table 1, with only the physical complaints scale 
(p=0.047), the motor scale (p=0.007), and autonomy scale (p=0.006) being 
statistically significant.  Chapter 5: HRQoL-child versus parent report 
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Table 1. HRQOL: young traffic victims versus the reference group  
TACQOL   Traffic victims  Reference group   
  n  Mean  (± SD)  n  Mean  (± SD)  p value* 
Physical  complaints  157  25.22 (5.66)  2322  24.31 (5.27)  0.036 
Motor  156  29.14 (3.98)  2335  29.82 (3.21)  0.012 
Autonomy  156  31.04 (2.25)  2344  31.38 (1.67)  0.015 
Cognition  157  28.07 (4.75)  2339  27.98 (4.05)  0.785 
Social  157  29.43 (3.04)  2301  29.47 (2.96)  0.862 
Positive  emotions  157  13.17 (2.87)  2335  13.28 (2.70)  0.627 
Negative  emotions  157  11.58 (2.67)  2334  11.60 (2.64)  0.895 
*
 
variance analyses 
 
 
To identify which children reported a lower HRQoL in the motor and 
autonomy scales, we performed univariate tests between the mean scores of 
these scales and injury and background variables (ISS, treatment on an 
inpatient or outpatient basis, type of road user, age, and gender). None of the 
variables related significantly to the scores of the autonomy scale. Only the 
ISS seemed to be significantly related to the scores in the motor scale 
(ANOVA;  p=0.002). Children with severe injuries (ISS≥ 9) reported more 
problems in this scale compared with children with minor (ISS 1-3) or 
moderate (ISS 4-8) injuries (Bonferroni post hoc tests; p=0.005 and p=0.002, 
respectively). 
 
HRQoL: child versus parent reports 
Table 2 includes the indices that were calculated to evaluate the relationship 
between child and parent reports. The Pearson correlations between child and 
parent reports were statistically significant for all TACQOL scales and ranged 
from .38 to .69. The calculated ICCs reflected low agreement between 
children and their parents for the autonomy and positive emotion scales. 
Moderate agreement was detected for the other scales (Table 2), that is, for 
the physical complaints, motor, cognition, social, and negative-emotion 
scales. The parents and children did not reach a good agreement (ICC ≥  .80) 
on any of the scales. The paired t tests showed that parents reported 
significantly fewer physical complaints, better motor and autonomy 
functioning, and more positive emotions compared with their children.   92
Table 2. HRQOL: child reports versus parent reports 
TACQOL    Children Parents      
  n  Mean (± SD)  Mean (± SD)  p value*  r 
†  ICC 
‡ 
Physical complaints  155  25.23 (5.70) 27.28 (4.66) <0.001 0.63 0.57 
Motor 154  29.13 (4.00) 30.16 (3.49) <0.001 0.69 0.67 
Autonomy 154  31.03 (2.26) 31.39 (1.56) 0.044 0.38 0.35 
Cognition 155  28.13 (4.75) 28.40 (4.62) 0.436 0.58 0.58 
Social 155  29.42 (3.06) 29.56 (2.95) 0.515 0.57 0.57 
Positive emotions  154  13.18 (2.88) 14.14 (2.59) <0.001 0.48 0.45 
Negative emotions  154  11.56 (2.68) 11.45 (2.72) 0.562 0.62 0.62 
*
 
paired Student’s t test; 
† Pearson correlations (all p<0.001); 
‡ ICCs (all p<0.001). 
 
 
Discussion 
Young traffic victims’ long-term HRQoL 
HRQoL has become increasingly recognized as an important outcome 
assessment, but, as yet, none of the outcome studies on young trauma patients 
has investigated the child’s HRQoL from the child’s point of view. 
Consequently, the child’s experiences with, and perceptions of, dysfunction 
due to accidents and injuries are unknown.  
  When a comparison was made between the reference group and the group 
of young traffic victims in this study, it was found that the only statistically 
significant results were that the traffic victims reported a worse HRQoL in the 
motor and autonomy scales. It is very important to interpret the results with 
respect to clinical significance, in addition to statistical significance. The 
definition of clinically significant differences in the field of HRQoL is rarely 
applied and is complex because HRQoL is not an objective and observable 
clinical assessment. According to the authors of the TACQOL, no uniform 
definition of a clinically significant difference for this particular HRQoL 
questionnaire yet exists. The smallest interpretable difference on the 
TACQOL scales is a 1 point difference. This difference indicates either that a 
child does or does not have difficulty with a health status item (eg, difficulty 
vs no difficulty with walking) or that a child is more bothered by having a 
health status problem (eg, feeling fine vs feeling not so good about having 
difficulty with walking). In our study, all the mean differences between the 
young traffic victims and the reference group were less than 1 point, 
indicating very small differences in HRQoL between both groups. Additional 
insight into the magnitude of the mean differences can be provided by Chapter 5: HRQoL-child versus parent report 
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calculating effect sizes, such as the Cohen effect sizes. Cohen
28 has 
categorized effect sizes into small, medium, and large. All Cohen effect sizes 
calculated for this study seemed small.  
  In general, we concluded that overall, the group of young traffic victims 
reported a reasonably good long-term HRQoL, with only minor complaints in 
the motor and autonomy domains. Larger differences in the HRQoL scores 
between the reference group and the young traffic victims could have been 
found if the young traffic victims’ health status had been worse. This could 
have been the case had we included more severely injured children. The 
overall low level of injury severity of our study population may be seen as a 
study limitation. However, we deliberately included minor injuries and 
nonhospitalized children because thus far, the large group of accident and 
emergency department attenders with minor or moderate injuries has received 
very little attention. Furthermore, because studies have reported differentially 
on the relationship between the severity of the injuries and the outcome, it 
should not be assumed that minor injuries will not cause residual impairments 
and disabilities.  
  Our results show that more than two years post-injury, few cognitive, 
social, or emotional problems were reported by either child or parent.  
Other studies on comparable populations of traffic-injured children (ie, 
children involved in the crash and presenting to the emergency department 
after road traffic crashes) describe substantial psychobehavioral sequelae, 
such as mood disturbances, anxiety and depressive symptoms, and, 
especially, post-traumatic stress disorders.
4-7,9,10 These studies, however, 
report on short-term outcomes up to one year after the crash. It is also 
important to realize that our study included a generic HRQoL assessment, and 
the above-mentioned studies used assessments that detect specific behavioral 
and psychologic symptoms.  
  Studies of the long-term psychobehavioral functioning of young traffic 
victims are scarce. Only two studies, with differing study populations and 
methodologies, have looked into these long-term outcomes. Winje and Ulvik
8 
examined the psychologic consequences of children who were injured in a 
severe school bus crash or were related to an injured passenger (parent or 
sibling). They reported that three years after the bus crash, no clinically 
significant symptoms were observed. In contrast, Nakayama et al
2 noted that 
almost one third of the children who had been hospitalized for bicycle-related 
injuries showed cognitive or behavioral changes. These data were gathered 
through telephone interviews with the parents months to years after the 
hospital discharge. The exact follow-up period, however, is not well 
described. Clearly, more prospective studies that include short- and long-term   94
follow-up assessments are needed to evaluate further the change of 
psychobehavioral symptoms over a period of time and which factors play a 
role in the children’s recovery or adjustment to trauma. 
 
Child-parent disagreement on HRQoL 
In addition to the knowledge of the children’s perceptions of their HRQoL, it 
is also important to have insight into the degree of agreement between the 
child and the parent on the child’s HRQoL. Parents are frequently the 
principal decision-makers. They seek medical care and influence the direction 
of priorities of care for their child. If parents and their children disagree on 
the child’s functioning, the child’s needs may not be addressed appropriately.  
  Our results showed that the young traffic victims in our group, when 
compared with their parents, were more pessimistic about their HRQoL. A 
small number of other studies have looked at the parent-child concordance in 
the TACQOL.
24,29-32 These studies report differentially on the number of 
scales in which the parents and the children disagree, as well as on whether 
the child or the parent reports poorer HRQoL. The reported degree of 
agreement varies widely among these studies, so it is difficult to generalize 
about the degree of child-parent concordance in the TACQOL questionnaire. 
Our results correspond closely to those described by Theunissen et al
24 
concerning the child-parent agreement in a sample of the general Dutch 
population. This may not be surprising, because we found that the HRQoL of 
the young traffic victims was highly comparable to that of the reference 
group.  
  The fact that we used postal questionnaires for the collection of data 
concerning child-parent agreement is a limitation of our study methodology. 
It is known that the degree of child-parent agreement is lower when the 
reports of children and their parents are gathered in a controlled clinical 
setting
33 or in face-to-face interviews.
30 Because a mail survey is not a 
controlled research situation, the parents and children may not have 
independently completed their questionnaires. 
  Why the investigated group of young traffic victims reported a worse 
outcome compared with their parents is not an easy question to answer. The 
parents may realize that the traffic crash could have resulted in a worse 
outcome, and that, with respect to the initial injuries, their child is doing quite 
well. This idea has been put propounded by Koopman et al,
29 who also 
considered this problem of a lack of correspondence between children with 
chronic illnesses and their parents regarding the child’s HRQoL. Obviously, 
other explanations could be relevant. Studies reporting parent-child 
disagreement have mentioned a number of other reasons for the differences in Chapter 5: HRQoL-child versus parent report 
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ratings. Children may present themselves in a more positive light, trying to 
protect their parents and not wanting to burden them with their fears and 
symptoms.
14,34,35 Furthermore, children and their parents simply do not share 
an identical data pool
34 because children have knowledge of their own 
behavior in a much wider range of settings than their parents do.
36 
Alternatively, parents may have more substantial information concerning the 
child’s health status from physician’s reports of which the children may not 
be aware.
37 The parents’ ratings may also be affected by their expectations for 
the child and by the fact that they have different definitions and 
understanding of a disease and its consequences for the future.
14,34,35 
Furthermore, the parents’ own psychologic state may influence their 
reports.
38,39 Future research needs to investigate further the reasons for parent-
child discrepancies, and qualitative research techniques may prove useful for 
this purpose.  
  The domains in which proxy raters for the child’s functioning can be used 
should be made clear, as should cases in which both child and parent reports 
need to be obtained and integrated. A number of studies have suggested that 
proxies may not be accurate informants for subjective information, such as 
emotional status and satisfaction of the patient, but may be good sources of 
information for the more observable components of the patient’s health 
status.
14,34,35,40 Our results, however, like those of other studies,
29,34 do not 
support this assumption because the group of young traffic victims reported a 
significantly different HRQoL compared with their parents on the so-called 
more observable scales including physical complaints, motor functioning, and 
autonomy. Apparently, the parents were not well informed about the degree 
to which their children were bothered by health status problems related to 
physical functioning. In our study, it became clear that physicians needed to 
obtain parental as well as child viewpoints to be sure not to underestimate the 
problems perceived by the child.  
 
Conclusion 
The group of young traffic victims in our study reported a reasonably good 
long-term HRQoL, with only minor adverse effects perceived for motor 
functioning and autonomy. The children and their parents had slightly 
different views on the child’s HRQoL, with children mentioning less positive 
emotions and being more pessimistic about their physical functioning. 
Children seem to provide essential information concerning their HRQoL and 
should not be neglected by the physician assessing the child’s physical status, 
in particular.   96
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Appendix  
 
Table: 56 items of the TACQOL child form 
Physical complaints  Motor functioning  Autonomy  Cognition  Social functioning 
Positive 
emotions 
Negative 
emotions 
Did you have/ have you 
felt… 
Did you have difficulty 
with… 
Did you have difficulty 
with… 
Did you have difficulty 
with… 
I was …  I felt …   I felt … 
Earaches or sore throats  Running  Going to school on your 
own 
Paying attention, 
concentrating 
Able to play or talk happily 
with other children 
Joyful Sad 
Stomachaches or 
abdominal pain 
Walking  Washing yourself  Understanding  
schoolwork 
Able to stand up for myself 
with other children 
Relaxed Aggressive 
Headaches  Standing  Getting dressed on your 
own 
Understanding what  
others said 
Other children asked me to 
play with them 
In good 
spirits 
Angry 
Dizziness  Walking downstairs  Going to the lavatory on 
your own 
Arithmetic  At ease with other children  Happy  Short-
tempered 
Sick/nauseated  Playing  Eating or drinking on your 
own 
Reading  Able to play or talk happily 
with parent(s) 
Contended Worried 
Tired  Running or walking long 
distances 
Sports or going out to play 
on your own 
Writing Incommunicative  or  silent 
with parent(s) 
Cheerful Jealous 
Sleepy  Balance  Doing hobbies on your  
own 
Learning  Restless or impatient with 
parent(s) 
Enthusiastic Gloomy 
Dozy/lethargic  Doing things easily or 
quickly 
Riding a bicycle  Saying what you meant  Defiant with parent(s)  Confident  Anxious 
The time frame of the TACQOL is ‘in recent weeks’. Items in the TACQOL parent form are identical with only small differences in phrasing.
9
9
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Abstract 
Objective:   To describe the accident details and the effects of bicycle-
spoke accidents on the physical and psychosocial functioning 
of children.  
Design:   Retrospective, descriptive 
Methods:  The parents of 87 children aged between 1-12 who came to 
the Department of Traumatology of University Hospital 
Groningen with bicycle-spoke injuries between 1 January 
1998 and 31 October 1999 were asked to complete a 
questionnaire on the accident details, quality of life and 
functional health status (behavior) of their child in January 
2000.  
Results:  Eighty-seven children fulfilled the inclusion criteria: 44 boys 
and 43 girls, with a mean age of 4.4 years (SD: 1.6, range: 
1.4-10.2). Fifty-nine parents filled out the questionnaire 
(68%). A quarter of the children had been transported in a 
bicycle-seat (25%) and half of the children (51%) were 
seated on the carrier without any foot supports. Twenty-four 
percent of the bicycles were equipped with unbroken coat-
guards. The younger children (1-5 years of age) had 
significantly lower motor function scores compared with the 
reference group (p<0.001). Compared with the reference 
groups, the study population did not have significantly lower 
scores for the other quality of life domains. Eight parents 
(14%) attributed behavioral problems to the bicycle-spoke 
accident. 
Conclusion:  Not all children had fully recovered one year after the 
bicycle-spoke accident. The sequelae included physical as 
well as behavioral aspects of functioning. The bicycles 
lacked adequate protective features. 
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Introduction 
A bicycle-spoke injury is an injury of the foot, ankle and/or lower part of the 
leg caused by the entrapment of a person’s foot between the frame of a 
bicycle and usually the spokes of its rear wheel (Figure 1). Children constitute 
the largest group of victims of bicycle-spoke accidents.
1,2  
  It has been estimated that 70-80% of bicycle-spoke injuries in children 
are preventable.
1 However, bicycle-spoke accidents are still frequently 
observed and the number of incidents has even increased.
3 Between 1984-
1988 an average of 4500 patients were treated at Accident and Emergency 
Departments in the Netherlands each year for bicycle-spoke injuries.
1 This 
figure was 6800 in 1995-1996.
2 The patients were predominantly children up 
to 14 years of age. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Bicycle spoke injury: a foot entrapped between the frame of a bicycle and the 
spokes of its rear wheel. 
 
 
  Bicycle-spoke incidents can result in relatively severe injuries, including 
fractures, areas of full-thickness skin loss and soft tissue damage.
4-10 It may 
take a number of days to weeks before the true severity of the injuries 
becomes apparent.
4,5,9,10 In view of the relatively severe injuries caused, and 
the length of time taken to complete healing, ranging between a number of   104 
days to a year,
5,7,10-13  children with bicycle-spoke injuries can be expected to 
experience limitations in functioning after the incident. However, the degree 
to which bicycle-spoke injuries affect the child’s functioning has received 
little to no attention in an outcome study.  
  The purpose of the present study is to describe the accident details of 
bicycle-spoke incidents in children, and to examine the functional health 
status and the health-related quality of life of children after bicycle-spoke 
injuries.  
 
Patients and Methods 
The study population consisted of all children of 1-12 years of age treated at 
the Department of Traumatology of University Hospital Groningen, the 
Netherlands, between the first of January 1998 and  31 October 1999. Only 
those children who had incurred their bicycle-spoke injuries three months 
before the follow-up assessment were included. These patients were 
identified through a computerized trauma registration system: the ‘Registratie 
Letsels en Ongevallen Groningen’ (RLOG) of the Department of 
Traumatology of University Hospital Groningen. General characteristics of 
the study population, including age, gender and injury diagnoses, were also 
obtained from the RLOG. In the RLOG, bicycle-spoke accidents have the E-
code 82681.
14 Medical records were used to calculate the treatment duration 
(i.e. the number of days until the final outpatient contact). 
  The accident details and the child’s functioning were assessed with a 
postal questionnaire that was sent to the parents of the study population in 
January 2000. The following accident details were collected: the rider of the 
bicycle, the owner of the bicycle, the position of the child on the bicycle, and 
the presence of foot rests and unbroken coat-guards. To explore the impact of 
the bicycle-spoke incident on the child’s functioning, the questionnaire 
inquired if, during the previous two weeks, the bicycle-spoke accident had 
caused pain or discomfort, affected the child’s hobbies or activities, or caused 
anxiety in the child for being transported on a bicycle after the incident. 
Furthermore, the questionnaire included the Functional status II(R) (FS II), 
and the TNO-AZL preschool quality of life questionnaire (TAPQOL), or the 
TNO-AZL children’s quality of life questionnaire (TACQOL). These 
standardized questionnaires have proven to be reliable and valid instruments 
for the assessment of the child’s functional health status
15 and the child’s 
health-related quality of life,
16,17 respectively. 
  The FSII contains 14 questions about the child’s behavior, to ascertain the 
child’s functional health status.
15 The FS II distinguishes between general Chapter 6: Bicycle-spoke injuries 
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functional status limitations (FS-general score) and functional status 
limitations caused by an illness, i.e. illness-specific problems (FS-specific 
score). In the present study, behavioral problems specifically attributable to 
the bicycle-spoke incident are scored in the FS-specific score. Both scores 
range from 0 to 100. Higher scores represent a better functional health status.  
  Depending on the age of the child, the TAPQOL (1-5 years)
16 or 
TACQOL (6-15 years)
17 questionnaire was applied to assess the child’s 
health-related quality of life. The TAPQOL questionnaire contains 12 
domains: pulmonary problems, stomach problems, skin problems, sleep, 
appetite, problematic behavior, positive mood, anxiety, vitality, social 
functioning, motor functioning and communication. The domain scores range 
from 0 to 100. The TACQOL questionnaire includes the following 7 
domains: physical complaints, motor functioning, autonomy, cognitive 
functioning, social functioning, positive emotions and negative emotions. The 
first 5 domain scores range from 0-32. The scores of the latter two emotion 
domains range from 0-16. Higher scores on both questionnaires indicate a 
better health-related quality of life. We added a question to the TAPQOL and 
TACQOL domains to verify if problems could be attributed to the bicycle-
spoke incident. 
  To draw comparisons between the functional health status and the health-
related quality of life of our study population and reference groups, the 
following reference data were available: FSII data of 114 children aged 2-8 
years,
15 TAPQOL data of 222 children aged 2-4 years,
16 and TACQOL data 
of 657 children aged 6-7 years.
17 
 
Statistical Analysis 
The categorical and continuous variables were analyzed with chi-square tests 
and t-tests, respectively. The study population and reference groups TAPQOL 
and TACQOL health-related quality of life domain scores were compared 
with analyses of covariance, with the children’s age and gender as covariates. 
The Bonferroni post-hoc test was used in case of multiple comparisons. A p 
value < 0.05 was considered statistically significant.  
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Results 
Study population 
Eighty-seven children met the inclusion criteria of the study, of which 44 
(51%) were boys. The children had a mean age of 4.4 years (SD:1.6; 
range:1.4-10.2) at the time of the incident (Figure 2).  
 
 
Figure 2. Age and gender distribution in 87 children (1-12 years) who attended the 
Department of Traumatology of University Hospital Groningen with bicycle-spoke 
injuries between the first of January 1998 and 31 October 1999. 
 
 
Overall, the patients had 107 injury diagnoses of the lower extremities. One 
quarter of the children (22/87) had fractures of a lower extremity (Figure 3). 
The other injuries that affected the lower extremities were 41 deep 
excoriations, 21 lacerations (Figure 3), 13 contusions, and nine distorsions. 
The patients had been under treatment for an average of 17.4 days (SD:16.6; 
range: 0-85). 
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Figure 3. Injuries caused by bicycle-spoke entrapment: a spiral fracture of the tibia 
(left) and soft tissue damage (right). 
 
 
  Fifty-nine parents completed the questionnaire (68%). The participating 
parents’ children  were, on average, 4.5 years old (SD:1.3; range 1.5-8.1) at 
the time of the bicycle-spoke incident and half of these children were boys 
(30/59). The responding parents’ children had a longer mean treatment period 
(mean 20.2 days; SD:18.3), compared to the group of non-respondents (mean 
11.4 days; SD:10.2; p=0.005). The groups did not differ with respect to age or 
gender distribution (p>0.05).  
 
Accident characteristics 
In two-thirds of the accidents, one of the parents had been the cyclist (39/59). 
In the other cases, the child was being transported by another adult (12/59; 
20%) or another child (7/59; 12%).  
  At the time of the incident, the children were seated on the carrier (39/59; 
66%), in a bicycle seat on the carrier (15/59; 25%), or on the crossbar (5/59; 
8%). Overall, half of the patients had been seated on the carrier without any 
foot supports (30/59). Three-quarters of the bicycles involved were not 
equipped with intact coat-guards (45/59).   108 
  In 22 of the 59 incidents, the child was carried on a bicycle that was not 
owned by one of the parents. In the remaining 37 bicycle-spoke accidents, 
one of the parents’ bicycles had been used. Two-thirds of these bicycles were 
not equipped with a bicycle-seat (24/37; 65%), and approximately three-
quarters of the parental bicycles lacked unbroken coat guards (27/37; 73%) 
and foot supports (29/37; 78%). The majority of the children transported on a 
bicycle belonging to neither parent were seated on the carrier without any 
protective measures (16/22; 73%).  
 
Consequences 
The mean follow-up time was 13.2 months (range: 3.3-24.7 months). Five 
parents indicated that their child still experienced slight discomfort or pain 
due to the bicycle-spoke injury. None of the children experienced problems in 
performing hobbies or activities because of the spoke-injury. Half of the 
children (29/59) felt anxious about being transported on a bicycle again after 
the accident. Two children continued to have these feelings at the follow-up 
assessment.  
  The FS-general score of the children with bicycle-spoke injuries did not 
differ from the FS-general score of the reference group (both groups 
median=89.3). However, eight parents (14%) reported a submaximum FS-
specific score. These parents attributed one (n=1), two (n=4), or more than 
three (n=3) behavioral problems to the bicycle-spoke incident. 
  No differences emerged between the mean TACQOL health-related 
quality of life scores of the study population children aged six years or older 
at follow-up, and the respective scores of the reference group. 
  The children with bicycle-spoke injuries younger than six years of age at 
follow-up had a significantly better mean score in the TAPQOL stomach 
problems domain compared with the reference group children (study 
population: mean: 93.02 (SD: 12.3) versus the reference group: mean: 90.6 
(SD: 14.0); p=0.042), but a significantly lower average score in the motor 
functioning domain (study population: mean: 95.6 (SD:10.4) versus the 
reference group: mean: 99.3 (SD:3.0); p<0.001). After Bonferroni correction 
for multiple comparisons, only the difference in the motor functioning 
domain remained statistically significant. Eight parents attributed submaximal 
functioning on at least one TAPQOL or TACQOL domain to the bicycle-
spoke accident. Five of these eight parents attributed impaired motor 
functioning to the accident. Chapter 6: Bicycle-spoke injuries 
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  Overall, 11 parents (19%) indicated that problem behavior (FS II) and/or 
reduced functioning as measured by the TAPQOL/TACQOL questionnaires 
was a consequence of the bicycle-spoke accident. 
 
Discussion 
Children aged 2-6 years run the highest risk of suffering bicycle-spoke 
injuries.
1,4,9,10 In the present study, almost 90% of the children were within 
this age range. Older children run a lower risk of bicycle-spoke injuries as 
they are more often cyclists themselves. 
  According to Article 61 of the Dutch Traffic Rules and Signs Regulations 
Act 1990, children under the age of eight may only be seated on a bicycle if 
that seat be purpose-built and safe, with adequate supports for their back, 
hands and feet. Our results showed that a large proportion of the young 
patients had been carried on a bicycle with few or no preventative features. 
This finding corresponds with previous Dutch research on bicycle-spoke 
injuries in children.
1,18  This raises the questions what has been done about 
previous recommendations concerning preventative measures, to what extent 
has the use of preventative measures changed in the past years, and are these 
measures effective? To answer these questions, a comparative study needs to 
be performed on parents of children with and without bicycle-spoke injuries. 
These parents should be asked which preventative measures they had 
installed on their bicycles.  
  To reduce the number of bicycle-spoke accidents, the Dutch and/or 
European bicycle-seat norms need to be developed and adopted further.
1,19 
These conventions can form the basis of legal regulation on the sale of 
bicycle-seats.
19 Furthermore, attention should be paid to the further 
development of adequate spoke-guards. Spoke-guards need to be of adequate 
size and strength, requirements that are not met by regular coat-guards.
1,12,20  
The results showed that the majority of the bicycles involved that were 
not owned by one of the parents lacked measures to prevent bicycle-spoke 
entanglement. However, this was also the case for many of the parental 
bicycles. Therefore, the installation of spoke guards on bicycles by 
manufactures as standard seems an advisable regulation.
4,10-12,21 
  The mean treatment period of 17.4 days seems short compared with 
previous studies that reported an average healing time of between 17 and 56 
days.
5,7,10,11,13 However, healing time and the time that a child is under 
treatment are not equivalent. We used the final outpatient visit as reported in 
the medical records to determine the treatment period. On the other hand, in 
three of the five previous studies, the parents were asked after the time   110 
needed for complete healing.
10,11,13 In addition to the healing of the injury 
itself, the parents are likely to have included the child’s recovery in terms of 
the child’s functioning in various situations. This may have resulted in an 
increased estimate of the recovery time. 
Apart from the healing time, the literature scarcely reports on the 
consequences of bicycle-spoke accidents for the child’s functioning. Only one 
study indicated that 13% of the children had not yet resumed their normal 
activities up to six weeks after a spoke injury.
9 This study provides a more 
detailed description of the children’s functioning at an average of one year 
after the bicycle-spoke accident. Compared with the reference groups, only 
the group of children aged five years and younger at the follow-up assessment 
showed statistically significant lower scores in the motor functioning domain 
(walking, running, walking up stairs without help, and balance). However, not 
only motor problems were attributed to the bicycle-spoke accident but also 
behavioral problems, including poor sleep, tiredness, and moodiness. 
Therefore, in the assessment of a child’s recovery, and in informing the 
parents, not only the healing of injuries and physical functioning should be 
evaluated, but any possible behavioral problems as well. 
A shortcoming of our study is the fact that the respondents had a 
relatively longer term of treatment compared with the non-respondents. This 
difference could lead to an overestimation of the sequelae of bicycle-spoke 
accidents. We expect this rarely to be the case, however, because further 
analyses indicated that the duration of treatment was not statistically related 
to the behavior of the total study population or the motor functioning of the 
younger children. 
Our findings, that almost one out of every five children experienced 
adverse effects because of the bicycle-spoke accident at, on average, one year 
after the incident, as well as the fact that annually, thousands of children are 
treated for bicycle-spoke injuries, illustrates the adverse impact of bicycle-
spoke injuries. Paying more attention to the prevention of bicycle-spoke 
accidents, and the consistent use of protective features could avoid a lot of 
distress.  
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The studies presented in this thesis provide insight into the epidemiology of 
pediatric injuries, the health-related quality of life (HRQoL) of pediatric 
traffic victims, and the post-traumatic stress reactions experienced by the 
young traffic victims and their parents. Additionally, the outcome studies 
examined whether certain subgroups of patients or parents with increased risk 
of adverse consequences could be identified. In this chapter the main findings 
related to the three objectives of this thesis and the highlights of the 
epidemiological study are discussed. Recommendations for future research 
are put forward and general conclusions are drawn. 
 
Epidemiology 
The characteristics of all injured children who had attended the Department of 
Traumatology at University Hospital Groningen during a two-year period 
were reviewed. This preceded the outcome studies and provided information 
about the role of different injury causes in Dutch children, the types of 
injuries, and the injury severity. With respect to the injury severity we found 
that one in ten children required hospitalization and one in a hundred children 
was severely injured (Injury Severity Score (ISS) ≥ 16). The majority of the 
injured children presented with minor injuries, i.e. 72% of the children had an 
ISS of 1-3. These children were diagnosed primarily as having wounds, 
contusions, sprains and strains, dislocations and abrasions. The reason that 
these children were treated at the Department of Traumatology should be 
questioned. Unfortunately, we did not have information about whether the 
children attended the hospital directly or whether they had been referred there 
by their general practitioner for further treatment or diagnostics such as an X-
ray. For the efficiency of the health care system and medical costs, more 
insight into this matter is required.  
Another medical care issue that needs to be addressed is the necessity of 
hospitalization for some of the injured children. We found that more than one 
third of the hospitalized children stayed in hospital for only one or two days. 
This included patients who were hospitalized for observation purposes after a 
minor head injury or a short anaesthetic treatment. The possibility that these 
children could be just as safely observed by their parents or guardians at 
home requires attention. Hospitalization should be minimized in view of the 
potential impact of hospitalization on the children and their parents, and in 
view of the medical costs associated with hospitalization.  
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Prevention 
The data from the epidemiological overview was obtained from the 
computerized trauma registration system, the ‘Registratie van Letsels en 
Ongevallen Groningen (RLOG)’. The advantage of this registration system is 
that it includes information about all nonhospitalized, hospitalized, and fatal 
cases treated at the Department of Traumatology. However, a disadvantage is 
that it lacks data concerning injured patients treated outside the hospital. 
According to the most recent estimates, almost half of injured persons in the 
Netherlands are not treated at a hospital.
1 Information about these injuries is 
only obtained by a national survey that is conducted approximately once 
every four years.
1 Our review illustrates the context of the more serious 
injuries. It does, however, also provide important information for the 
development and evaluation of preventative activities.  
Our overview points towards a number of subgroups of injured children that 
may be target groups for prevention efforts. These subgroups include young 
children with fall injuries and secondary school children at risk of sports 
injuries, particularly during soccer, organized school sport activities, and 
horse riding. The children involved in traffic accidents generally incurred 
bicycle-related injuries. In the group of children aged 4 years and above, 
bicycle crashes were common and a large number of the pre-school age 
children sustained bicycle-spoke injuries. We found this latter group of 
children with bicycle-spoke injuries of particular interest. Ten years ago the 
Dutch Consumer Safety Organization presented an extensive report on 
bicycle-spoke injuries.
2 According to this report, 70-80% of bicycle-spoke 
accidents could be prevented. This report has not brought about a decrease in 
these accidents and in fact an increase in the number of bicycle-spoke injuries 
has occurred. The question is why are bicycle-spoke injuries still frequently 
seen even though these injuries seem highly preventable? To address this 
question we carried out a questionnaire survey among the parents of children 
with bicycle-spoke injuries. This investigation revealed that the bicycles, 
including the parental bicycles, on which the children had been transported, 
were poorly equipped with preventive measures. These results were 
comparable to the previous report. It seems questionable that any change in 
the use of preventative measures has taken place during the last decade. 
Prevention activities for bicycle-spoke incidents need to be encouraged and 
repeated. The importance of the safe transportation of children as bicycle 
passengers is further supported by our findings that these incidents affect the 
children’s functioning. The prevention efforts should include the further 
development and official adoption of standards for bicycle seats and spoke Discussion 
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guards. Bicycle manufacturers should only sell bicycles already fitted with 
adequate spoke guards. Furthermore, the risk of spoke accidents should be 
brought to the attention of the adult population. This may be done by 
commercials that motivate the parents to transport their child only on a well-
equipped bicycle.  
The identification of the above-mentioned subgroups is primarily based 
on the observed frequencies of the injuries. However, not only the most 
common injuries should be taken into account for setting priorities for 
preventive actions. The risk of permanent disabilities should also be 
considered. Injury-related disabilities are expected to have a profound impact 
on the child’s activities and daily life. Moreover, these children are likely to 
place a heavy strain on their families. Finally, injuries that affect the child’s 
long-term functioning are accompanied by high costs due to long-term care 
and possible loss of productivity of the child. The injuries with high disability 
rates should be listed high on the priority list for prevention activities. The 
RLOG trauma registration system does not include outcome data as it does 
not have a post-injury assessment. For this information, outcome studies, as 
presented in this thesis, need to be consulted.  
 
Health-related quality of life 
Before we commenced our study, we found that no previous studies had been 
published about the degree to which injuries affect the child’s HRQoL. We 
have explored the young traffic victims’ short-term and long-term HRQoL in 
two prospective and two retrospective studies, respectively.  
 
HRQoL instrument  
Throughout the studies, the TNO-AZL Children’s Quality of Life 
Questionnaire  (TACQOL) was used. The HRQoL as assessed by the 
TACQOL is defined as ‘the children’s health status, weighted by the 
emotional response of the children themselves to their health status 
problems’.
3 The instrument includes the two main characteristics of HRQoL: 
subjectivity and multidimensionality.  
A number of the parents in our study complained about the length of the 
questionnaire. Some parents, particularly those of children without health 
status problems, were difficult to motivate to complete the TACQOL. The 
participation of these parents is important to avoid a biased picture of the 
children’s HRQoL. The development of a short form of the TACQOL,   118 
possibly as a screening instrument, may provide a solution that would 
enhance response rates.  
The TACQOL is a generic HRQoL instrument. Generic instruments 
include a spectrum of domains and dimensions of health that apply to diverse 
conditions or populations.
4 An advantage of a generic instrument is that it 
allows comparisons between groups with different clinical conditions and 
with healthy children.
5 When decisions regarding allocation of resources need 
to be made, generic instruments are preferred. A disadvantage of a generic 
instrument is that it lacks sensitivity.
6 For a detailed and sensitive assessment 
of the functioning of children with a specific condition, more specific 
instruments, the so-called disease-specific instruments, can be applied. Such 
an instrument can be used to assess important disease-specific dimensions 
and is sensitive enough to detect small changes. We would have preferred to 
use both a generic and a specific instrument, however, as far as we know, no 
Dutch trauma-specific instrument for children is yet available. Ideally, a core 
generic instrument should be developed that is supplemented by disease 
specific modules,
7,8 in our case trauma-specific modules. It is hoped that, 
eventually, both a child and a parent version of such an instrument will be 
available.
∗  
It is a notable fact that according to the psychometric characteristics of 
the TACQOL, it can only be used for studies on groups of patients.
3 The 
reliability of the scales (Cronbach’s alphas) are not high enough to justify use 
for individual diagnoses. The TACQOL,consequently, is not yet a suitable 
instrument to be used in clinical practice. We studied the HRQoL at group 
level using the TACQOL as a first step in understanding the HRQoL of 
pediatric traffic victims. The results of our study are interesting for physicians 
as they give an overall picture of the course of HRQoL of young traffic 
victims over time. Furthermore, the degree to which we found the HRQoL to 
deviate from that of the general child population can be used to inform and/or 
reassure parents. Finally, physicians can pay extra attention to the wellbeing 
and care of patients who fall into the identified risk groups. 
                                                        
∗  For the trauma-specific modules that need to be valid for injured children one may consider 
addressing the specific consequences of pediatric traumatic brain injuries and ask about 
neurobehavioral symptoms, including somatic, cognitive, and affective/behavioral symptoms. In the 
case of traffic accidents, items to assess anxiety aspects, including traffic-related phobias and post-
traumatic stress symptoms, need to be taken into account. Furthermore, questions on disfiguring 
injuries and items about family functioning may be reviewed. Finally, the parental version may 
additionally include the consequences of the child’s injury for the siblings, the parents’ post-traumatic 
stress, the consequences for the parents’ work and the family finances. Discussion 
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Findings on the short-term and long-term HRQoL of young traffic victims 
In our studies we assessed both the child and parent viewpoints to obtain a 
comprehensive picture of the child’s HRQoL. The children themselves 
particularly noted a deterioration in their motor functioning and autonomy at 
three months post-injury. In the long-term study, lower HRQoL scores were 
also reported by the young traffic victims in only the motor and autonomy 
scales compared with reference children. According to the parents, the traffic 
incident not only affected the physical HRQoL domains but also the child’s 
short-term and long-term psychosocial HRQoL. Paired comparisons between 
child and parent reports revealed that the children and parents only reached 
low to moderate agreement. Children were, in general, more pessimistic 
regarding their HRQoL, especially regarding their physical functioning. One 
may wonder if children are primarily focused on physical competence and fail 
to notice psychosocial sequelae. Our results, on the other hand, imply that 
parents fall short as proxy raters regarding the child’s physical wellbeing. 
This is an important finding as thus far most of the studies on the outcomes of 
childhood injuries have relied on only parental and clinicians’ reports. A 
logical consequence is that both parent and child reports should be 
incorporated in investigations and in the clinicians’ assessments of the child’s 
functioning.  
Analyses of the short-term data revealed that within six months the total 
sample of pediatric traffic victims had regained their pre-injury levels of 
HRQoL. It may seem puzzling that our long-term study, with a mean follow-
up at 2.4 years post-injury, also noted adverse outcomes. This could imply 
that at six months the children had not yet attempted to return to all their 
normal activities and later, when doing so, in the longer term, they 
experienced new restrictions resulting in a lower HRQoL. In view of the low 
injury severity in the study populations, this reasoning seems questionable. 
Other explanations for the differences in findings between the short-term and 
long-term studies include differences in the study designs. In our short-term 
study we could compare the HRQoL at follow-up assessments with the 
children’s pre-injury HRQoL. In other words, the young traffic victims were 
their own controls. No pre-injury data was available in the long-term outcome 
study, therefore we compared the children’s HRQoL with that of 
contemporaries in a reference sample. The reference sample included over 
two thousand children and, therefore, we encountered the problem of small 
mean differences being likely to reach statistical significance. The study 
populations of young traffic victims also differed in terms of their age at the 
time of the accident. In the long-term study the children were younger at the   120 
time of the traffic accident (4-13 years) compared with the traffic victims in 
the short-term outcome study (6-15 years of age at the time of the injury). It 
would be interesting to ascertain the long-term HRQoL of the traffic victims 
of the short-term outcome study in order to examine whether their HRQoL 
measured at six months post-injury stays the same, improves or deteriorates.  
The question of the meaning of statistically significant observations for 
the clinical practice needs to be addressed. Has the HRQoL of young traffic 
victims deteriorated to such a degree that it is perceived as detrimental and 
should lead to a change in the patients’ health care management? The 
question of the clinical meaningfulness of the observed differences is 
important but complex. Literature is only recently expanding on this issue and 
to date there is no unified guideline for assessing the clinical significance of 
HRQoL measures.
9 In general, researchers have followed two broad strategies 
to define the clinical meaningfulness of HRQoL differences:  ‘distribution-
based’ interpretations and ‘anchor-based’ interpretations of clinical 
meaningfulness.
10 The distribution-based methods express an effect in terms 
of the underlying statistical distributions of results obtained in a given study. 
These methods rely on relating the magnitude of the effect to some measure 
of variability. Following this approach we calculated effect sizes of Cohen as 
an estimate of the magnitude of the HRQoL differences between the traffic 
victims and the reference group children in our long-term study. The 
calculated effect sizes were small. This suggests that even though the 
differences in HRQoL were statistically significant, it is questionable whether 
these differences are relevant in clinical practice.  
Anchor-based methods examine the relationship between scores on the 
instrument whose interpretation is under question and some independent 
measure, a so-called ‘anchor’.
11 The interpretations of clinical significance 
relate the change in HRQoL to some outside measure that is more clearly 
understood or familiar than the HRQoL scores themselves.
10 There are 
multiple anchors, such as disease severity, response to treatment, health care 
utilization, and mortality.
11 An anchor we can also use is the comparison of 
the HRQoL scores of our study samples with the HRQoL scores of groups of 
children with different diagnoses. Tables 1 and 2 show the mean scores on the 
TACQOL reported by the parents of children with chronic diseases and the 
children themselves. The higher the scores, the better the HRQoL. In general, 
the young traffic victims appear to have a HRQoL that is comparable or even 
better than that of children with chronic diseases.  
  Some anchor-based approaches establish a small but important difference, 
the so-called ‘minimal clinically important difference (MCID)’. Such a Discussion 
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difference can be used to interpret the findings and make inferences for 
clinical practice. For our study it would imply that if a child’s HRQoL has 
deteriorated as much as the MCID, the physician should consider the child’s 
problems and needs and possibly reconsider the medical care provided. 
Unfortunately, the MCID has not yet been set for the TACQOL 
questionnaire. In the process of establishing a MCID, patients may be 
included by using a patient global rating question.
10,11 For instance, the young 
traffic victims and/or their parents may be asked whether they have perceived 
any noteworthy changes in the child’s HRQoL. In cases where patients and/or 
parents have indicated changes, the corresponding change in the TACQOL 
questionnaire needs to be noted and can then be used to come to a MCID. 
Also, a panel of experts may be asked to review the TACQOL and give their 
estimates of a MCID on the basis of their expertise. 
Table 1. Mean TACQOL parent scores for children with differing diagnoses 
Study 
Kater et al. 
1999
12 
Koopman et 
al. 1999
13 
Loonen et al. 
2002
14 
Sturms et al. 
Chapter 2 
Sturms et al. 
Chapter 4 
Diagnosis 
sickle cell 
disease 
chronic 
disease
a 
inflammatory 
bowel disease 
traffic victims 
FU: 3 months 
traffic victims 
FU: mean 2.4 y 
Age range (years)  5-11 y  8-15 y  8-18 y  6-15 y  6-15 y 
Sample size (n)  n=32  n=416  n=81  n=61  n=211 
 mean  mean  mean  mean  mean 
Body 22,3  *
,†  26,2 *
,† 23,9 *
,† 27,5  27,3 
Motor functioning  25,2 *
,†  28,8 
† 27,4 *
,† 29,2  30,0 
Autonomy 28,7  *
,†  30,4 
† 29,3 
† 30,0  31,0 
Cognition 27,1 
†  27,5 
† 28,2  28,4  28,2 
Social functioning  30,0 
†  28,8 *
,† 28,2 *
,† 29,6  29,4 
Positive emotions  13,4 
†  14,1  13,1 *
,† 14,1  14,2 
Negative emotions  9,5 *
,†  11,2  11,0  10,9  11,2 
a including diabetes mellitus, short stature, metabolic disease, spinal cord injury, juvenile  
  chronic arthritis, rotation plasty, asthma, coeliac disease, leukaemia. 
* significant difference with traffic victims’ mean HRQoL at 3 months post-injury (one-sample  
  t-test, p<0.05). 
† significant difference with traffic victims’ mean HRQoL at mean 2.4 years post-injury (one- 
  sample t-test, p<0.05). 
Abbreviations: FU, follow-up assessment.   122 
Table 2. Mean TACQOL child scores for children with differing diagnoses 
Study 
Kater et al. 
1999
12 
Koopman et 
al. 1999
13 
Loonen et al. 
2002
14 
Sturms et al. 
Chapter 3 
Sturms et al. 
Chapter 5 
Diagnosis 
sickle cell 
disease 
chronic 
disease* 
inflammatory 
bowel disease 
traffic victims 
FU: 3 months 
traffic victims 
FU: mean 2.4 y 
Age range (years)  8-15 y  8-15 y  8-18 y  8-15 y  8-15 y 
Sample size (n)  n=28  n=416  n=81  n=51  n=157 
 mean  mean  mean  mean  mean 
Body 21,8  *
,† 24,6  23,3 *
,† 26,0  25.2 
Motor functioning  24,8 *
,† 28,5 
† 28,3 
† 29,0  29.1 
Autonomy 28,8  *
,† 30,7  30,1 
† 30,5  31.0 
Cognition 26,3  *
,† 27,8 * 28,8  29,7  28.1 
Social functioning  28,3 *
,† 29,1  29,5  29,9  29.4 
Positive emotions  12,6 *
,† 13,4  12,8 * 13,8  13.2 
Negative emotions  10,2 *
,† 11,5  11,1 *
,† 12,0  11.6 
* including diabetes mellitus, short stature, metabolic disease, spinal cord injury, juvenile  
  chronic arthritis, rotation plasty, asthma, coeliac disease, leukaemia. 
* significant difference with traffic victims’ mean HRQoL at 3 months post-injury (one-sample   
   t-test, p<0.05). 
† significant difference with traffic victims’ mean HRQoL at mean 2.4 years post-injury (one-   
  sample t-test, p<0.05). 
Abbreviations: FU, follow-up assessment. 
 
 
Health-related quality of life risk groups 
It is important to look further than the HRQoL scores of a total study 
population. Even though the analyses of the HRQoL of the total sample of 
pediatric traffic victims may provide a rather satisfying picture, some young 
traffic victims within this sample group may suffer a more deteriorated 
HRQoL compared with their counterparts. These are the children that should 
receive particular attention from physicians. To identify young traffic victims 
at increased risk of a reduced HRQoL, we compared the HRQoL scores of 
subgroups of pediatric traffic victims. These subgroups of children were 
defined according to sociodemographic, injury and accident characteristics. 
The strength of these factors is that they can easily be obtained shortly after 
the incident and enable an early identification of children at risk of adverse 
outcomes. 
The analyses showed that boys and girls and victims of differing ages did 
not differ significantly in their short-term or long-term HRQoL scores. The Discussion 
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variables most consistently related to the HRQoL scores included the ISS and 
the need for hospital admission. More specifically, subgroups of children with 
serious injuries (ISS ≥  9) and subgroups of hospitalized children had 
significantly lower short-term and long-term HRQoL scores compared with 
children with minor injuries and children treated as outpatients. For future 
studies on the outcomes of pediatric traffic victims, it would be interesting to 
know which of the two variables, hospitalization or ISS, is a more sensitive 
and preferable selection criterion. In our study populations all but one of the 
children with an ISS≥  9 had been admitted to hospital. However, a number of 
the children with minor (ISS 1-3) and moderate (ISS 4-8) injuries were also 
hospitalized. It is questionable whether the lower HRQoL scores of the group 
of hospitalized children were predominantly caused by the hospitalized 
children with an ISS≥  9. To address this question, we looked at the HRQoL 
scores of the hospitalized children with minor or moderate injuries and the 
HRQoL scores of their nonhospitalized counterparts. Inspection of this data 
revealed that in general, the hospitalized children with minor or moderate 
injuries had lower HRQoL sumscores, but these differences were not 
statistically significant. The interpretation of these findings requires caution 
because the subgroups of hospitalized children with minor or moderate 
injuries were very small. If these findings are repeated in future studies, the 
ISS≥ 9 will be a preferable selection criterion compared with hospitalization. 
If the opposite is indicated, and the hospitalized and nonhospitalized groups 
with the same injury severity differ in their HRQoL, then it is the hospital 
admission itself that is a stressful event affecting the children’s HRQoL, and 
hospitalization should be chosen above ISS≥ 9. 
Apart from hospitalized and seriously injured children, a notable finding 
in the long-term outcome study based on the parental reports was the 
increased risk of a reduced HRQoL for the children of low socioeconomic 
status (SES) parents. The relationship between the parental SES and the child 
outcomes is complex because in previous studies the parental SES has been 
found to be associated with the child’s health as well as with the risk of 
sustaining an injury.
15,16 Children of low SES parents are less healthy and are 
at increased risk of being injured compared with their counterparts from 
parents with a higher SES. Consequently, children of low SES parents may be 
overrepresented in outcome studies of pediatric injuries, and these children 
may also have experienced lower health and wellbeing beforehand. In our 
long-term study, an overrepresentation of low SES children seemed doubtful 
because the SES distribution was comparable to the SES distribution in the 
reference group. Whether the observed association between the SES and the   124 
HRQoL actually reflected differences in HRQoL before the incident could 
not be examined as the study did not include a pre-injury assessment. This 
association could be tested with the pre-injury data obtained in our short-term 
outcome study. These analyses showed no statistically significant differences 
between the pre-injury HRQoL sumscores of the children of different SES 
parents. This strengthens the suggestion that the low SES children may have 
had more difficulty in adjusting to the consequences of the traffic accident as 
discussed in the long-term outcome study. However, the relationship between 
the parental SES and the children’s outcome in terms of HRQoL is far from 
clear. In our short-term studies, for example, the parental SES was not 
significantly associated with the child’s HRQoL. It would be interesting to 
carry out further studies in order to determine at which follow-up interval the 
SES emerges as the predictor. Obviously, the interaction between the parental 
SES and the outcome of childhood injuries needs to be further explored 
before recommendations for clinical practice can be made. Future studies may 
consider a more extensive measurement of the SES than solely the parental 
educational status and take the variables of family income and parental 
occupational status into account. 
  Finally, the children injured in a crash in which a motor vehicle (car, bus, 
truck) was involved, and the children who incurred a lower extremity 
fracture, suffered a significantly lower short-term HRQoL compared with 
their respective counterparts. The associations between the child’s HRQoL 
and these variables were not investigated in the long-term studies. Eventually, 
the observed determinants of a reduced HRQoL following pediatric traffic 
injury should be considered in a multivariate analysis to delineate which 
factors are the best predictors.  
 
Post-traumatic stress reactions 
Children who have been exposed to a traumatic, stressful event are likely to 
experience some stress reactions in the days and weeks following exposure. A 
number of these children will only have brief reactions and recover without 
further problems. However, if one has persisting post-traumatic stress 
symptoms there is a risk of developing post-traumatic stress disorder (PTSD). 
A traffic accident can be experienced as a stressful event resulting in post-
traumatic stress reactions. Our results confirmed this assumption. It is 
important that the young traffic victims’ post-traumatic stress symptoms are 
identified because these symptoms can disrupt a child’s functioning and 
development. We found a trend indicating that the children with serious post-
traumatic stress symptoms at three months post-injury also experienced a Discussion 
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reduced psychosocial HRQoL compared with the children with fewer stress 
reactions. The psychosocial HRQoL includes cognitive functioning and 
consequently the child’s school achievements are at risk of being affected by 
the post-traumatic stress reactions. The teacher may need to be informed 
about the child’s stress reactions in order to keep an eye on the child’s 
progress. 
  In our study we were not only interested in the child’s reactions but also 
in the parental post-traumatic stress symptoms. It is increasingly recognized 
that pediatric traffic victims are likely to suffer post-traumatic stress 
symptoms but the impact suffered by the parents as secondary victims has 
received little or no attention. We found that parental post-traumatic stress 
symptoms were common following pediatric traffic injuries. Clinicians need 
to be informed about these findings because the parental stress may affect the 
parent’s functioning and affect the child’s adjustment.  
  At three months and six months post-injury, comparable percentages of 
children and parents incurred moderate to severe stress reactions. Children 
and their parents, however, did not experience the same symptom levels, and 
therefore both the child and the parent need to be screened for post-traumatic 
stress symptomatology. 
 
Post-traumatic stress risk groups   
Not all children and parents will develop post-traumatic stress following a 
traumatic event. An interesting finding was the fact that children with head-
injuries reported significantly more post-traumatic stress compared with the 
children without a head injury. This finding supports the rising conviction 
that head injury and post-traumatic stress can co-exist. The parents of the 
children with head injuries also noted more distress. Furthermore, the ISS, the 
need for hospital admittance, and the parental SES were related to the 
parental stress symptoms. The ISS was, in contrast, not related to the child’s 
post-traumatic stress. This finding has also been confirmed by other 
studies.
17-19 It has been suggested that the development of post-traumatic 
stress disorder in the primary victim is more related to the subjective 
appraisal of the accident, including life-threatening circumstances, than to the 
severity of the physical injuries.
20,21 This has important implications for the 
screening of children at risk of post-traumatic stress. A child can be involved 
in a severe motor vehicle crash, sustain only minor injuries and be sent home 
after medical examination. This outpatient, with a low ISS, may have 
experienced helplessness and life-threatening experiences during or shortly 
after the accident and is at high risk of developing post-traumatic stress. In   126 
view of this assumption, it might be essential to analyze the details of the 
traffic accident. Our data suggests that the involvement of a motor vehicle in 
the accident needs to be assessed. This applies to both the children and their 
parents, because at six months post-injury the far majority of children injured 
in a non-motor vehicle accident reported mild post-traumatic stress symptoms 
or none at all. The same was the case for their parents. 
In practice, at the first hospital visit, the children injured in a motor 
vehicle accident and their parents should be informed that symptoms of 
avoidance, intrusion and hyperarousal are likely to emerge in both the child as 
well as the parent. At a subsequent follow-up visit, a physician or 
psychologist needs to ascertain whether post-traumatic symptoms are present 
to such a degree that treatment is required. When should such an assessment 
take place? In order to allow the symptoms to subside, a follow-up of one 
month, as is incorporated into the definition of post-traumatic stress disorder, 
may be proposed. The screening may be done by using a short questionnaire 
for which a cut-off score for post-traumatic stress disorder is established. The 
Dutch translation of the 15-item Impact of Event Scale (IES), also applied in 
our study, may be used to screen the degree of parental post-traumatic stress. 
Ideally, items that capture the arousal symptoms of post-traumatic stress 
disorder, currently lacking in the IES, should be added to this questionnaire. 
For children, the Dutch child version of the Impact of Event Scale, the 
‘Schokverwerkingslijst voor (jonge) kinderen (SVL(J)K)’ has been developed 
and may be considered in the future.  
 
General conclusions 
-  In general, it may be concluded that the total sample of children attending 
the Department of Traumatology for traffic-related injuries only perceive 
short-term reductions in HRQoL and recover within the first six months.  
-  Both child and parent viewpoints of the child’s HRQoL need to be 
assessed in order to obtain a comprehensive picture of the child’s 
wellbeing in research and clinical practice. 
-  Severity indicators of the young traffic victims’ injuries (ISS, 
hospitalization) are most consistently related to the children’s HRQoL.  
-  Post-traumatic stress symptoms are common among young traffic 
victims. Their parents are secondary victims and also suffer post-
traumatic stress reactions. The children and their parents may experience 
different degrees of stress, and therefore the post-traumatic stress 
reactions of both the child and the parent need to be ascertained. Discussion 
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-  The involvement of a motor vehicle (i.e., car, bus, truck) in the traffic 
accident is strongly associated with both the child’s and the parent’s 
degree of post-traumatic stress. Ascertaining the exact details of the 
traffic accident would appear to be important in the screening for post-
traumatic stress. 
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Summary 
 
Pediatric traffic injuries:  
consequences for the child and the parents 
 
Injuries constitute an important health problem among children and 
adolescents, not only because they can be life threatening, but because they 
are a major cause of disability in the survivors as well. Despite a number of 
studies on the nonfatal outcomes of pediatric injuries, knowledge on the 
sequelae of childhood injuries is limited. To address some of the unresolved 
issues, this thesis focuses on the consequences of pediatric traffic injuries. 
Specifically, the thesis aims to provide insight into the outcomes of pediatric 
traffic victims in terms of their short-term and long-term health-related 
quality of life (HRQoL), and their own and their parents’ post-traumatic 
stress reactions. Furthermore, the outcome studies intend to investigate which 
sociodemographic, injury or accident-related factors are associated with 
adverse child and parent outcomes. 
 
The introductory chapter reviews current knowledge on the nonfatal 
outcomes of childhood injuries and points to the gaps in knowledge that led to 
the objectives of this thesis. In Chapter 1 the characteristics of a cohort of 
injured children are reviewed. The main objectives are addressed in Chapters 
2 through 5. These chapters report on the young traffic victims’ HRQoL, and 
the child and parental post-traumatic stress reactions after pediatric traffic 
injury. The study populations in these chapters concern hospitalized and 
nonhospitalized young traffic victims treated at the Department of 
Traumatology, University Hospital Groningen, the Netherlands. The HRQoL 
of these children was assessed with the TNO-AZL Children’s Quality of Life 
Questionnaire (TACQOL). This questionnaire includes seven domains: 
physical complaints, motor functioning, autonomy, cognition, social 
functioning, positive and negative emotions. In Chapter 6 this instrument was 
also used in a study on the accident details and consequences of bicycle-
spoke injuries. In the final chapter, the main findings of the studies are 
discussed, general conclusions are drawn, and recommendations for future 
studies are made.   130 
Chapter 1. Epidemiology pediatric injuries 
To gain insight into the magnitude and severity of pediatric injuries, Chapter 
1 presents an epidemiological overview of the characteristics of 5057 injured 
children aged 0-19 years treated at the Department of Traumatology, 
University Hospital Groningen, the Netherlands in 1996 and 1997. The data 
were obtained from a computerized trauma registration system, the 
‘Registratie van Letsels en Ongevallen Groningen’ (RLOG), and medical 
records.  
  The results showed that the majority of children were injured in home and 
leisure accidents (53%). The youngest children, aged up to 12, sustained 
primarily home and leisure injuries, especially fall injuries. Children aged 14-
16 years were predominantly injured in sports accidents. With respect to 
traffic-related injuries, pre-school children in particular incurred bicycle-
spoke injuries, and many of the children over the age of four were injured in 
bicycle accidents, often single-bicycle accidents. These subgroups of children 
may be interesting for future prevention activities. 
  The majority of the children incurred minor injuries. Only 1% of the 
children were severely injured (Injury Severity Score (ISS) ≥ 16), 19 children 
were referred to a rehabilitation center, and 24 children died due to their 
injuries. Overall, 512 (10%) injured children required hospitalization. More 
than one-third (37%) of these children were hospitalized for one or two days. 
Among these children were those hospitalized for observation after 
anaesthetic treatment or minor head injuries. The standard hospitalization of 
this subgroup of children needs to be investigated in future studies to avoid 
unnecessary hospitalization.  
  The groups of hospitalized and nonhospitalized injured children were 
compared to identify predictors of hospitalization. Compared with 
nonhospitalized patients, the group of hospitalized patients was more severely 
injured, had sustained more injuries of the head/neck, spine, thorax and 
abdomen and was composed of more males and traffic victims. 
Nonhospitalized patients incurred proportionally more upper and lower 
extremity injuries. The ISS, the body region of most severe injury, and the 
injury cause (traffic accidents) turned out to be significant predictors of 
hospitalization. It may be questioned whether the children at highest risk of 
hospitalization are also at high risk of sustaining injury-related disabilities. 
This question could not be answered, as the study did not include an outcome 
assessment. 
 Summary 
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Chapter 2. Short-term HRQoL and impact on the parents/family 
A prospective study was conducted to explore the young traffic victims’ 
short-term HRQoL, and the impact of the incident on the parents/family. For 
this purpose, 61 parents of young traffic victims completed the TACQOL and 
the parent/family scales of the Child Health Questionnaire (CHQ). The 
children were aged between 6-15 at the time of the traffic incident, and had 
been treated at the Department of Traumatology of University Hospital 
Groningen between April 2000 and April 2001. The parents participated 
shortly after the injury to assess pre-injury data, and also at two follow-up 
assessments to gather post-injury information, i.e., 3 months (T1) and 6 
months (T2) after the accident.  
  The data revealed that the traffic victims suffered a reduced HRQoL at 
T1. This seemed particularly the case for the children with an ISS ≥  9, 
hospitalized children, children injured in a motor vehicle accident, and 
children with a lower extremity fracture. On the CHQ parent/family scales, 
the parents reported significantly increased emotional distress at T1. These 
adverse parent/family effects were associated with the severity of the child’s 
accident and injuries. At T2, the children’s mean HRQoL and the parental 
mean emotional scores were comparable to respective pre-injury values.  
  The results illustrate the extensive impact of pediatric traffic injuries on 
children and their parents. The adverse effects were of short duration as 
within six months the group of young traffic victims had regained their pre-
injury HRQoL and the parent/family functioning was back to ‘normal’. 
Children and parents/families at risk of short-tem adverse effects can be 
identified by looking at the severity of the traffic accident and at the severity 
of the child’s injuries. 
 
Chapter 3. Short-term HRQoL and post-traumatic stress 
Fifty-one of the young traffic victims, aged 8 years and older, of the 
prospective study described in Chapter 2 also completed the TACQOL 
themselves shortly after the injury, 3 months (T1) and 6 months post-injury 
(T2). At the latter two follow-up measurements, the children and their parents 
also completed the Impact of Event Scale to measure post-traumatic stress 
reactions.  
  The children only reported short-term adverse changes in the motor 
functioning and autonomy HRQoL domains. The subgroups of hospitalized 
children and the children with lower extremity fractures had significantly 
lower scores in these domains compared with their counterparts. Furthermore,   132 
children injured in a motor vehicle accident also indicated lower motor 
functioning compared with the children not injured in an incident with a 
motor vehicle. The T2 motor functioning and autonomy scores of the sample 
did not differ significantly from the respective pre-injury scores. 
With respect to the post-traumatic stress reactions, 12% of the children and 
16% of the parents in the study reported serious post-traumatic stress 
symptoms at T1. At T2, these percentages were 12% and 6%, respectively. 
Far larger percentages of parents and children reported mild through 
moderate stress symptoms at T1 or T2. Increased stress at T1 or throughout 
the follow-up was observed among hospitalized children, children with head 
injuries, and children injured in a motor vehicle accident. Parental stress was 
related to low socio-economic status and the seriousness of the child’s injury 
and accident.  
  In summary, we found that the children only reported temporary adverse 
effects in their motor functioning and autonomy, and that post-traumatic 
stress symptoms are common among both the children and their parents 
following pediatric traffic injury. 
 
Chapter 4. Long-term HRQoL  
To explore the long-term health-related quality of life (HRQoL) of young 
traffic victims, 320 parents of young traffic victims were asked to complete 
the TACQOL. The traffic victims, aged between 6-15 at follow-up in June 
1999, had attended the Department of Traumatology of University Hospital 
Groningen between 1996 and 1997. Eventually, 211 parental questionnaires 
could be used for analyses. The mean follow-up time was 2.4 years. To 
examine the young traffic victims’ HRQoL, comparisons were made with the 
HRQoL of a reference group of children. Compared with these children, the 
overall group of young traffic victims experienced a lower HRQoL sumscore. 
Subgroups of hospitalized young traffic victims, traffic victims with serious 
injuries (ISS≥ 9), children who had experienced a stressful life event after the 
traffic accident, and children from low socioeconomic status (SES) parents, 
experienced a lower HRQoL sumscore compared with their respective 
counterparts. 
  A total of 48 parents (23%) attributed their child's reduced HRQoL 
specifically to the traffic accident.  Specifically, children of low SES parents 
and severely injured children proved to be at particularly high risk of a 
reduced long-term HRQoL due to a traffic incident. 
 
 Summary 
 133 
Chapter 5. Long-term HRQoL  
To investigate the long-term HRQoL from the point of view of the young 
traffic victims themselves, those children aged 8 and older from the study 
population of Chapter 4 were also asked to complete the TACQOL. 
Furthermore, the parental reports were also included to address the child-
parent agreement on the child's HRQoL. 
  The data of 157 child-parent pairs were available for analysis. The study 
population of young traffic victims reported a significantly lower HRQoL in 
the motor and autonomy scales compared with contemporaries in the 
reference group. Analyses indicated a low to moderate child-parent 
agreement with respect to the child’s HRQoL. The children were more 
negative regarding their physical complaints, motor, autonomy and positive-
emotion HRQoL scales than their parents. 
  In general, the results revealed that the total group of young traffic 
victims reported a reasonably good long-term HRQoL. Few psychosocial 
problems emerged. Physicians who rely only on parental reports may 
overestimate the child's HRQoL, especially when assessing physical 
functioning. Until the reasons for child and parent disagreement are 
unraveled, the child's own reports need to be included to obtain a 
comprehensive picture of the child's HRQoL. 
 
Chapter 6. Bicycle-spoke injuries: accident details and outcome 
A questionnaire survey among the parents of children with bicycle-spoke 
injuries was performed to gain insight on the circumstances of bicycle-spoke 
accidents and to investigate whether these incidents affect the children’s 
physical and/or psychosocial functioning. The parents of children aged 
between 1-12 who arrived with bicycle-spoke injuries at the Department of 
Traumatology of University Hospital Groningen between January 1998 and 
October 1999 were asked to participate in the survey. The questionnaire 
asked about the accident details, the quality of life and the functional health 
status (behavior) of the injured child. 
  Fifty-nine parents filled out the questionnaire. The mean follow-up time 
was 13.2 months. The children had been transported on the carrier (66%), in a 
bicycle-seat on the carrier (25%) and on the crossbar of the bicycle (8%). 
Half of the children (51%) were seated on the carrier without any foot 
supports. Only 24% of the bicycles were equipped with intact coat-guards.  
  With respect to the impact of the incident on the child’s behavior, 14% of 
the parents attributed behavioral problems to the bicycle-spoke accident.   134 
Regarding the child’s wellbeing, the younger children (1-5 years old) were 
found to have significantly lower motor functioning scores compared with a 
reference group.  
  Apparently, not all children had fully recovered one year after the 
bicycle-spoke accident. The sequelae included physical and behavioral 
aspects of functioning. Furthermore, in light of future prevention activities, it 
became clear that many of the bicycles lacked adequate protective features. 
The prevention efforts should include the further development and official 
adoption of standards for bicycle-seats and spoke-guards. Bicycle 
manufactures should  supply bicycles already fitted with adequate spoke-
guards. 
 
Discussion 
The final chapter discusses the main findings regarding in particular the 
central themes of the thesis, i.e. the HRQoL of young traffic victims and the 
post-traumatic stress of traffic-injured children and their parents. 
 
HRQoL 
The short-term studies revealed that adverse changes in HRQoL after 
pediatric traffic injury are short lived because the overall sample of young 
traffic victims was back at pre-injury HRQoL within six months. However, 
the long-term HRQoL results indicated that the young traffic victims had 
significantly lower scores on a number of the HRQoL domains compared 
with reference children. Yet, Cohen’s calculated effect sizes pointed out that 
these differences were small and of questionable clinical relevance. A future 
prospective study should include a long-term assessment, a number of years 
after the accident, to conclude whether the young traffic victims’ long-term 
HRQoL deviates from the short-term, e.g. six months, HRQoL reports.  
  The variables indicative of the severity of the child’s injuries, i.e., the 
need for hospitalization and the ISS, were most consistently related with the 
young traffic victims’ HRQoL. Furthermore, the association between the 
parents’ SES and the young traffic victims’ long-term HRQoL is a 
noteworthy finding. It might be that children of low SES parents have more 
difficulty in adjusting to the consequences of the traffic incident compared 
with their counterparts from higher SES parents. 
  Finally, we have some remarks with respect to the TACQOL HRQoL 
instrument applied in our outcome studies. Ideally, for clinical practice and 
future research on the HRQoL of injured children, a HRQoL instrument 
should be made available for which the minimal clinically important Summary 
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difference is set, and that can be used for individual assessment. We advocate 
a generic instrument that is supplemented by injury-specific modules. 
 
Post-traumatic stress reactions 
Pediatric traffic injuries are associated with post-traumatic stress symptoms, 
not only in the children but in their parents as well. The child’s symptoms 
need to be detected and possibly treated as they can affect the child’s 
functioning and development, including school achievement. Moreover, the 
parental stress symptoms need to be watched because these can affect not 
only parental wellbeing, but influence the child’s symptoms and the parents’ 
capacity to support their child as well. 
In view of the strong association between post-traumatic stress symptoms and 
the involvement of a motor vehicle in the accident (car, bus, truck), we 
suggest that the children injured in a motor vehicle accident, and their 
parents, need to be informed about the probable emergence of avoidance, 
intrusion and hyperarousal symptoms. Furthermore, at a follow-up visit, the 
children and their parents need to be asked about their symptoms to determine 
whether they are in need of treatment.   136 
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Samenvatting 
 
Verkeersongevallen bij kinderen:  
gevolgen voor het kind en de ouders 
 
Ongevallen dragen in belangrijke mate bij tot gezondheidsproblemen bij 
kinderen en jong volwassenen, niet alleen vanwege het risico op overlijden 
maar ook door de beperkingen die de kinderen met niet fatale verwondingen 
kunnen ervaren. De kennis over de consequenties van ongevalletsels voor 
kinderen is beperkt. Dit proefschrift beschrijft gevolgen van 
verkeersongevallen bij kinderen. Het specifieke doel van het in dit 
proefschrift beschreven onderzoek is het verschaffen van inzicht in de 
gevolgen op kortere en langere termijn van een verkeersongeval voor de 
gezondheidsgerelateerde kwaliteit van leven (KvL) van kinderen en in de 
mate van posttraumatische stress ervaren door de jeugdige 
verkeersslachtoffers en hun ouders. Hierbij richt het onderzoek zich ook op 
de vraag welke sociodemografische, letsel- en ongevalgerelateerde factoren 
verband houden met negatieve uitkomsten voor het kind en/of zijn ouders. 
 
In de inleiding wordt een overzicht van de literatuur over de gevolgen van 
ongevallen bij kinderen gegeven. Aan de hand van dit overzicht worden de 
hiaten in kennis aangegeven die aanleiding waren voor het onderzoek. In 
hoofdstuk 1 wordt een overzicht van de karakteristieken van een cohort 
jeugdige ongevalslachtoffers gepresenteerd. In de hoofdstukken 2 tot en met 5 
komen de hoofdonderwerpen aan bod. Hierin worden de KvL van jeugdige 
verkeersslachtoffers en de posttraumatische stress reacties van de kinderen en 
ouders geëvalueerd. De onderzoekspopulaties in deze hoofdstukken bestaan 
uit jeugdige verkeersslachtoffers die zijn behandeld op de Centrale 
Spoedopvang van het Academisch Ziekenhuis Groningen. Het gaat hierbij 
zowel om opgenomen als poliklinisch behandelde kinderen. Voor het 
inventariseren van de KvL van deze kinderen is de TNO-AZL Children’s 
Quality of Life Questionnaire (TACQOL) gebruikt. Deze vragenlijst meet het 
welzijn van kinderen op zeven gebieden: fysieke klachten, motorisch 
functioneren, zelfstandigheid, cognitie, sociaal functioneren, positieve en 
negatieve emoties. Ook in hoofdstuk 6 is deze vragenlijst gebruikt in een    138 
studie naar de toedracht en gevolgen van spaakongevallen bij kinderen. 
Tenslotte bevat het laatste hoofdstuk een beschouwing over de voornaamste 
resultaten, algemene conclusies en aanbevelingen voor toekomstig onderzoek. 
 
Hoofdstuk 1. Epidemiologie jeugdige ongevalslachtoffers 
Om inzicht te krijgen in de omvang en ernst van ongevallen bij kinderen is in 
hoofdstuk 1 een epidemiologisch overzicht van de karakteristieken van 5057 
jeugdige ongevalslachtoffers van 0-19 jaar weergegeven. Deze kinderen zijn 
tussen 1996 en 1997 op de Centrale Spoedopvang van het Academisch 
Ziekenhuis Groningen voor een ongevalletsel behandeld. De onderzoeks-
gegevens zijn verkregen uit het geautomatiseerde trauma-registratie systeem 
‘Registratie van Letsels en Ongevallen Groningen’ (RLOG) en uit medische 
dossiers.  
  Uit de gegevens bleek de meerderheid van de kinderen letsel te hebben 
opgelopen door privé-ongevallen (53%). De jongste kinderen, tot 12 jaar, 
liepen hoofdzakelijk letsel op door privé-ongevallen, met name door vallen. 
In de leeftijdscategorie van 14 tot en met 16 jaar kwamen sportletsels 
veelvuldig voor. Met betrekking tot verkeersongevallen viel op dat de jongste 
kinderen met name spaakverwondingen hadden opgelopen en dat veel van de 
kinderen ouder dan vier jaar verwondingen hadden opgelopen door een 
fietsongeval, vaak een eenzijdig fietsongeval. Voor toekomstige preventie 
doeleinden kunnen deze groepen jeugdige ongevalslachtoffers interessant 
zijn. 
  De meerderheid van de kinderen bleek niet ernstig gewond te zijn 
geraakt. Slechts 1% van de kinderen was ernstig gewond volgens de Injury 
Severity Score (ISS≥ 16), 19 kinderen werden naar een revalidatiecentrum 
verwezen en 24 kinderen overleden aan hun verwondingen. In totaal werden 
512 (10%) kinderen opgenomen in het ziekenhuis voor de behandeling van 
hun letsel. Meer dan een derde (37%) van deze kinderen werd na één of twee 
dagen alweer ontslagen. Een deel van deze kinderen was opgenomen ter 
observatie in verband met een hoofdletsel of omdat zij narcose hadden gehad. 
Ter voorkoming van onnodige ziekenhuisopnames is het aan te bevelen met 
toekomstig onderzoek na te gaan of dergelijke opnames strikt noodzakelijk 
zijn.    
  De groepen opgenomen en niet opgenomen kinderen zijn vergeleken om 
na te gaan welke factoren een opname in het ziekenhuis kunnen voorspellen. 
Vergeleken met de poliklinisch behandelde kinderen, bestond de groep 
kinderen die in het ziekenhuis was opgenomen proportioneel uit meer jongens 
en meer verkeersslachtoffers. Daarnaast had deze groep kinderen de meest Samenvatting 
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ernstige verwondingen (een hoge ISS) en meer hoofd/hals-, ruggenmerg-, 
borst- en buik- letsel. De groep niet opgenomen kinderen had proportioneel 
meer onderste en bovenste extremiteit letsels. Uit de statistische analyses 
bleken de ISS, het lichaamsdeel met de meest ernstige verwonding, en de 
ongevaloorzaak (verkeersongevallen) significante voorspellers voor 
ziekenhuisopname te zijn. De vraag of deze factoren ook bijdragen aan het 
voorspellen van blijvende beperkingen of invaliditeit, kon met behulp van de 
gebruikte onderzoeksmethode niet beantwoord worden. 
 
Hoofdstuk 2. Kwaliteit van leven van jeugdige verkeersslachtoffers en 
impact op de ouders/het gezin de eerste maanden na een verkeersongeval. 
Met behulp van een prospectieve studie zijn de gezondheidsgerelateerde 
kwaliteit van leven (KvL) van jeugdige verkeersslachtoffers en de invloed 
van het verkeersongeval op de ouders/het gezin de eerste maanden na het 
ongeval geïnventariseerd. Hiervoor hebben 61 ouders van jeugdige 
verkeersslachtoffers de TACQOL vragenlijst en het onderdeel ‘u en uw 
gezin’ van de Child Health Questionnaire (CHQ) ingevuld. De 
onderzoekspopulatie bestond uit verkeersslachtoffers van 6 tot en met 15 jaar 
die in de periode april 2000 en april 2001 op de Centrale Spoedopvang van 
het Academisch Ziekenhuis Groningen zijn behandeld. Het onderzoek bevatte 
drie meetmomenten: zo snel mogelijk na het ongeval, drie maanden en zes 
maanden na het ongeval. De eerste meting, zo snel mogelijk na het ongeval, 
had als doel gegevens te verzamelen over het functioneren van het kind en de 
ouders/het gezin vóór het ongeval. 
  Uit de resultaten van het tweede meetmoment kwam naar voren dat de 
jeugdige verkeersslachtoffers drie maanden na het ongeval een verlaagde 
KvL somscore hadden. Dit was met name het geval voor kinderen met 
ernstige verwondingen (ISS≥ 9), opgenomen kinderen, kinderen die gewond 
waren geraakt door een ongeval waarbij een motorvoertuig betrokken was en 
kinderen met een fractuur van de onderste extremiteit. De bezorgdheid van de 
ouders om de gezondheid en het welzijn van hun kind (CHQ) was drie 
maanden na het ongeval significant hoger ten opzichte van het eerste 
meetmoment. Deze bezorgdheid was gerelateerd aan de ernst van het letsel en 
het ongeval. De resultaten van het derde meetmoment, zes maanden na het 
ongeval, gaven geen statistisch significante verschillen meer aan tussen de 
gemiddelde KvL scores van de totale groep verkeersslachtoffers en de 
gemeten bezorgdheid van de ouders met de respectievelijke scores van vóór 
het ongeval.    140 
  Dit onderzoek illustreert in welke mate letsel, door jeugdige slachtoffers 
opgelopen bij een verkeersongeval, het leven van het kind en zijn ouders 
beïnvloedt. De gevolgen bleken van korte duur aangezien het gemiddeld 
functioneren van de totale groep kinderen en hun ouders zes maanden na het 
ongeval weer vergelijkbaar was met het niveau van vóór het ongeval. 
Indicatoren voor de ernst van het letsel en het ongeval kunnen gebruikt 
worden om kinderen en ouders met een hoog risico op het ervaren van 
negatieve effecten op de korte termijn te identificeren. 
 
Hoofdstuk 3. Kwaliteit van leven van jeugdige verkeersslachtoffers en 
posttraumatische stress de eerste maanden na een verkeersongeval. 
Eenenvijftig jeugdige verkeersslachtoffers vanaf 8 jaar beschreven in het 
prospectieve onderzoek van hoofdstuk 2 hebben ook zelf de TACQOL 
gezondheidsgerelateerde kwaliteit van leven (KvL) vragenlijst ingevuld op de 
drie meetmomenten: zo snel mogelijk na het ongeval, drie maanden na het 
ongeval en zes maanden na het ongeval. Tijdens deze laatste twee 
meetmomenten hebben de kinderen en hun ouders ook de 
Schokverwerkingslijst ingevuld om de mate van verwerkingsreacties, post-
traumatische stress reacties, van het kind en van de ouders te inventariseren. 
  De kinderen rapporteerden een kortdurende verslechtering in hun 
motorisch functioneren en zelfstandigheid. Hierbij vermeldden de opgenomen 
kinderen en de kinderen met een fractuur van de onderste extremiteit 
significant slechtere scores ten opzichte van respectievelijk de poliklinisch 
behandelde kinderen en de kinderen met een fractuur van de bovenste 
extremiteit of zonder een fractuur. Daarnaast gaven de kinderen die letsel 
hadden opgelopen door een verkeersongeval waarbij een motorvoertuig 
betrokken was verminderd motorisch functioneren aan in vergelijking met de 
overige verkeersslachtoffers. Uit de meting zes maanden na het ongeval bleek 
geen significant verschil meer voor wat betreft het motorisch functioneren en 
zelfstandigheid in vergelijking met de respectievelijke scores van vóór het 
ongeval. 
  Drie maanden na het ongeval hadden 12% van de jeugdige 
verkeersslachtoffers en 16% van hun ouders ernstige posttraumatische stress 
symptomen. Zes maanden na het ongeval waren deze percentages 
respectievelijk 12% en 6%. Hogere percentages ouders en kinderen 
rapporteerden ook symptomen, zij het in minder ernstige mate. Onder de 
opgenomen kinderen, de kinderen met hoofdletsel en de kinderen die gewond 
waren geraakt in een ongeval waarbij een motorvoertuig betrokken was, 
werden meer posttraumatische stress reacties gesignaleerd. De mate van Samenvatting 
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posttraumatische stress van de ouders hing samen met een lage sociaal 
economische status (SES), de ernst van het ongeval en de letselernst van het 
kind.  
  Samengevat kan gesteld worden dat het motorisch functioneren en de 
zelfstandigheid volgens de groep onderzochte jeugdige verkeersslachtoffers 
slechts tijdelijk verminderd waren. Daarnaast blijkt er aantoonbaar sprake te 
zijn van verwerkingsproblematiek, zowel bij het kind als bij de ouders.  
 
Hoofdstuk 4. Kwaliteit van leven van jeugdige verkeersslachtoffers op de 
lange duur 
Voor het onderzoeken van de gezondheidsgerelateerde kwaliteit van leven 
(KvL) van jeugdige verkeersslachtoffers een aantal jaren na het ongeval, zijn 
320 ouders benaderd met het verzoek de TACQOL vragenlijst in te vullen. 
De onderzoekspopulatie bestond uit verkeersslachtoffers die 6 tot en met 15 
jaar waren ten tijde van het meetmoment in juni 1999. Zij waren allen in de 
periode 1996-1997 op de Centrale Spoedopvang van het Academisch 
Ziekenhuis Groningen behandeld. Dit onderzoek vond gemiddeld 2,4 jaar na 
het ongeval plaats. Van de verstrekte vragenlijsten konden 211 gebruikt 
worden voor analyse. Hieruit bleek dat de onderzochte groep jeugdige 
verkeersslachtoffers een statistisch significant lagere KvL somscore hadden 
in vergelijking met een referentiegroep van Nederlandse leeftijdgenoten. 
Aangetoond werd dat met name opgenomen kinderen, kinderen met ernstige 
verwondingen (ISS≥ 9), kinderen die na het ongeval nog een ingrijpende 
gebeurtenis hadden meegemaakt en kinderen uit gezinnen met een lage SES 
een lage KvL somscore hadden. 
  In totaal schreef 23% van de ouders de submaximale KvL van hun kind 
toe aan het verkeersongeval. Met name ernstig gewonde kinderen (ISS≥ 9) en 
kinderen van vaders met een lage SES bleken een hoog risico te hebben op 
een verlaagde KvL als direct gevolg van het verkeersongeval. 
 
Hoofdstuk 5. Kwaliteit van leven van jeugdige verkeersslachtoffers op de 
lange duur: kindrapportage versus ouderrapportage 
Verkeersslachtoffers van acht jaar en ouder uit de onderzoekspopulatie van 
hoofdstuk 3 zijn gevraagd ook zelf de TACQOL in te vullen om de 
gezondheidsgerelateerde kwaliteit van leven (KvL) vanuit het perspectief van 
de kinderen te evalueren. Ook zijn in dit onderzoek de oudervragenlijsten 
gebruikt om de mate van overeenstemming tussen ouder- en kindrapportages 
na te gaan.   142 
  Voor de analyse waren 157 vragenlijsten ingevuld door de kinderen en 
hun ouders beschikbaar. Vergeleken met een referentiegroep Nederlandse 
kinderen rapporteerden de jeugdige verkeersslachtoffers statistisch significant 
lagere scores met betrekking tot hun motorisch functioneren en 
zelfstandigheid. De ouder en kind rapportage bleken niet geheel overeen te 
komen: er was sprake van lage tot matige overeenstemming tussen ouders en 
kinderen. Ten opzichte van de rapportage van hun ouders rapporteerden de 
kinderen een lagere gemiddelde KvL met betrekking tot hun fysieke klachten, 
motorisch functioneren, zelfstandigheid en positieve emoties.  
  Uit de resultaten kwam naar voren dat de jeugdige verkeersslachtoffers 
een redelijk goede lange termijn KvL rapporteerden met weinig 
psychosociale problemen. Wanneer alleen ouders geraadpleegd worden met 
betrekking tot de KvL van hun kind, zou het fysieke welzijn wel eens 
overschat kunnen worden. Zolang de redenen voor de discrepanties tussen 
kind- en ouderrapportages nog niet opgehelderd zijn, is het aan te bevelen ook 
naar de ervaring van het kind te vragen voor het verkrijgen van een vollediger 
beeld van de KvL van kinderen.  
 
Hoofdstuk 6. Spaakverwondingen bij kinderen: toedracht en gevolgen 
Aan de ouders van kinderen van 1 tot en met 12 jaar die met 
spaakverwondingen in de periode januari 1998 tot en met oktober 1999 op de 
Centrale Spoedopvang van het Academisch Ziekenhuis Groningen kwamen, 
werd gevraagd mee te doen aan een enquête onderzoek naar de toedracht en 
gevolgen van spaakongevallen bij kinderen. De vragenlijst bevatte vragen 
over de details van het ongeval als ook over de gezondheidsgerelateerde 
kwaliteit van leven (KvL) en de functionele gezondheidstoestand (gedrag) 
van het kind.  
  De vragenlijst werd door 59 ouders gemiddeld 13,2 maanden na het 
ongeval ingevuld. Ten tijde van het ongeval zaten de kinderen op de 
bagagedrager (66%), in een fietszitje achterop (25%), of op de stang van een 
herenfiets (8%). In totaal zat de helft van alle slachtoffers op de bagagedrager 
zonder voetensteunen (51%). Van de fietsen was slechts 24% voorzien van 
intacte jasbeschermers.  
  Veertien procent van de ouders relateerden probleemgedrag van hun kind 
aan het spaakongeval. Voor wat betreft de KvL bleken de jongere kinderen 
(1-5 jaar) lagere scores qua motorisch functioneren te hebben in vergelijking 
met kinderen uit een referentiegroep.  
  De resultaten wijzen erop dat niet alle kinderen gemiddeld één jaar na het 
ongeval volledig hersteld zijn. Dit gold voor zowel fysieke als gedragsmatige Samenvatting 
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aspecten van het functioneren. Daarnaast bleek dat veel fietsen onvoldoende 
van beschermende middelen waren voorzien, of dat de beschermende 
middelen ontoereikend waren. Het is daarom aan te bevelen dat de normen 
voor fietszitjes verder ontwikkeld en ingevoerd worden en dat er aandacht 
uitgaat naar de ontwikkeling van toereikende spaakafschermers die mogelijk 
door fabrikanten standaard op fietsen worden aangebracht.  
 
Algemene beschouwing 
In de algemene beschouwing wordt met name ingegaan op de bevindingen 
van de twee centrale thema's van het proefschrift: de gezondheidsgerelateerde 
kwaliteit van leven (KvL) van jeugdige verkeersslachtoffers en de mate van 
posttraumatische stress onder zowel de jeugdige verkeersslachtoffers als hun 
ouders. 
 
Kwaliteit van leven 
Op basis van het onderzoek naar de KvL van een groep jeugdige 
verkeersslachtoffers een aantal maanden na het ongeval, kan geconcludeerd 
worden dat, gemiddeld genomen, de negatieve effecten van een 
verkeersongeval voor de KvL van het kind van korte duur zijn omdat de 
gemiddelde KvL scores van de totale groep slachtoffers zes maanden na het 
ongeval vergelijkbaar waren met de scores van vóór het ongeval. Echter, de 
resultaten van het onderzoek naar de KvL op de lange duur, minimaal 
anderhalf jaar na het ongeval, wezen erop dat de groep jeugdige 
verkeersslachtoffers slechtere KvL scores hadden in vergelijking met 
Nederlandse kinderen uit een referentiegroep. De klinische relevantie van de 
verschillen in KvL scores tussen deze groepen is discutabel omdat de 
berekende effect sizes van Cohen klein waren. Of de KvL één of meer jaren 
na het ongeval daadwerkelijk verschilt van de KvL enkele maanden na het 
ongeval, zal in een toekomstige studie uitgezocht moeten worden. Dit 
onderzoek zou een prospectief karakter moeten hebben en naast metingen 
kort na het ongeval ook een meting een aantal jaren na het ongeval moeten 
behelzen. 
  De indicatoren voor de ernst van het letsel van het kind, gemeten met de 
ISS en de noodzaak tot ziekenhuisopname, bleken het meest consistent 
gerelateerd aan de KvL van de jeugdige verkeersslachtoffers. Daarnaast moet 
de mogelijke relatie tussen de SES van de ouders en de lange termijn KvL 
van het kind genoemd worden. Het zou kunnen zijn dat kinderen van 
gezinnen met een lage SES meer moeite hebben om zich aan te passen aan de   144 
gevolgen van het verkeersongeval dan kinderen uit gezinnen met een hogere 
SES.  
  Tot slot worden er een aantal kanttekeningen gemaakt over het in dit 
proefschrift gebruikte KvL meetinstrument, de TACQOL. Dit instrument kan 
alleen voor het evalueren van de KvL van groepen patiënten gebruikt worden. 
Daarenboven is voor de klinische praktijk nog niet bepaald welke verschillen 
in KvL scores relevant zijn. Voor de klinische praktijk en toekomstig 
onderzoek naar de KvL van jeugdige ongevalslachtoffers moet een instrument 
beschikbaar komen waarvoor het klinisch relevant verschil is bepaald en dat 
voor een individuele patiënt kan worden gebruikt. Een generiek instrument, 
aangevuld met ongevalspecifieke modules geniet hierbij de voorkeur. 
 
Posttraumatische stress reacties 
Verkeersongevallen bij kinderen brengen posttraumatische stress symptomen 
bij zowel het kind als hun ouders teweeg. Detectie en eventuele behandeling 
van deze symptomen is belangrijk, immers deze symptomen kunnen het 
functioneren en de ontwikkeling van het kind, waaronder school prestaties, 
belemmeren. Ook de mate van posttraumatische stress van de ouders moet 
bewaakt worden, niet alleen omdat deze het welzijn van de ouders kan 
aantasten, maar ook invloed kan hebben op de symptomen van het kind en het 
vermogen van de ouders om het kind op te vangen en te steunen. 
  Gezien de sterke relatie tussen de mate van posttraumatische stress en de 
aanwezigheid van een motorvoertuig (auto, bus, vrachtwagen) bij het 
verkeersongeval is het aan te bevelen in een dergelijke situatie de kinderen en 
hun ouders vroegtijdig te informeren dat ze symptomen van herbeleving, 
vermijding en ‘hyperarousal’ kunnen ervaren. Vervolgens zou bij een 
volgend consult nagegaan moeten worden in hoeverre de kinderen en/of hun 
ouders verwerkingsreacties ervaren en of hiervoor behandeling noodzakelijk 
is.   145 
 
Northern Centre for Healthcare Research (NCH)  
and previous dissertations   
 
The Northern Centre for Healthcare Research (NCH) was founded in 1986 as 
a research institute of the University of  Groningen (RUG), The Netherlands. 
Researchers from both the Medical and Social Faculty, with various 
professional backgrounds, are members of the NCH. These include medical 
sociologists, medical doctors, psychologists and human movement scientists. 
Research of the NCH is aimed at optimising quality of life of patients and 
quality of healthcare, and focuses on (a) determinants of health and illness, 
(b)  consequences of illness, (c) the effects of medical treatment  and decision 
making, and (d) the evaluation of health services and various types of 
interventions. At the time that this thesis is published, the NCH comprises 
five research programs.  
Until 1998, the NCH covered two research programs, i.e. ‘Determinants of 
Health’ and ‘Medical Decision Making and Evaluation of Healthcare’. The 
first program was reformulated in 1996 and was continued as ‘Disorder, 
Disability and Quality of Life’ (DDQ). Hence, previous dissertations in this 
area are listed as part of the present DDQ-programme. The second program 
was subdivided in 1998 into two new programs, i.e. ‘Public Health and Public 
Health Services Research’ and ‘Rational Drug Use’. 
Dissertations published earlier within the second program are listed 
retrospectively under these new headings. In 1998, two new programs, 
‘Rehabilitation Programs Research’ and ‘Research in Motor Behaviour’, were 
formulated and officially integrated in the NCH in January 1999. The 
accomplished dissertations since the start of the programs in 1998 are 
included in the list. In 2000 the Department of General Practice joined the 
NCH and together with the Rational Drug Use group initiated a new research 
program, i.e. ‘Research in Evidence Based Medicine’.  
More information regarding the institute and its research can be obtained 
from our internet site: http://coo.med.rug.nl/nch. 
   146 
Disorder, Disability and Quality of Life 
Heuvel ETP van den (2002) Supporting caregivers of stroke patients; an intervention 
study. 
  PROMOTORES: prof dr B Meyboom-de Jong, prof dr R Sanderman.  
 CO-PROMOTOR:  dr LP de Witte.  
 REFERENT: dr LM Schure 
Schroevers MJ (2002) Short- and long-term adaptation to cancer; a comparison of 
patients with the general population. 
  PROMOTOR: prof dr R Sanderman.  
 REFERENT: dr AV Ranchor 
Hoekstra-Weebers JEHM (2000) Parental adaptation to pediatric cancer.  
  PROMOTORES: prof dr EC Klip, prof dr WA Kamps.  
 REFERENT: dr JPC Jaspers 
Doeglas DM (2000) Functional ability, social support and quality of life: a longitudinal 
study in patients with early rheumatoid arthritis.  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr R Sanderman.  
 CO-PROMOTOR: dr ThPBM Suurmeijer 
Nijboer C (2000) Caregiving to patients with colorectal cancer: a longitudinal study on 
caregiving by partners.  
  PROMOTORES: prof dr GAM van den Bos, prof dr R Sanderman.  
 CO-PROMOTOR:  dr AHM Triemstra 
Tiesinga LJ (1999) Fatigue and Exertion Fatigue: from description through validation to 
application of the Dutch Fatigue Scale (DUFS) and the Dutch Exertion Fatigue Scale 
(DEFS).  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr ThWN Dassen.  
 CO-PROMOTOR: dr RJG Halfens 
Jong GM de (1999) Stress, stress management and issues regarding implementation.  
  PROMOTORES: prof dr PMG Emmelkamp, prof dr JL Peschar.  
 REFERENT: dr R Sanderman 
Alberts JF (1998) The professionalized patient: sociocultural determinants of health 
services utilization. 
  PROMOTOR: prof dr WJA van den Heuvel.  
 REFERENT: dr R Sanderman 
Eijk LM van (1997) Activity and well-being in the elderly.  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr SM Lindenberg.  
 REFERENT: dr GIJM Kempen  
Nieboer AP (1997) Life-events and well-being: a prospective study on changes in well-
being of elderly people due to a serious illness event or death of the spouse.  
  PROMOTORES: prof dr SM Lindenberg, prof dr J Ormel 
Scaf-Klomp W (1997) Screening for breast cancer: attendance and psychological 
consequences.  
  PROMOTOR: prof dr WJA van den Heuvel.  
 REFERENT: dr R Sanderman NCH 
 147 
Zwanikken CP (1997) Multiple sclerose: epidemiologie en kwaliteit van leven.  
  PROMOTOR: prof dr J Minderhoud.  
 CO-PROMOTORES: dr JW Groothoff, dr ThPBM Suurmeijer 
Kooiker SE (1996) Illness in everyday life: a health diary study of common symptoms and 
their consequences.  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr J van der Zee 
Krol B (1996) Quality of life in rheumatoid arthritis patients: the relation between 
personality, social support and depression.  
  PROMOTOR: prof dr WJA van den Heuvel.  
 REFERENTEN: dr R Sanderman, dr ThPBM Suurmeijer 
Ruiter JH de (1995) Sociale ondersteuning en kwaliteit van leven bij patiënten met kanker.  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr H Schraffordt Koops.  
  REFERENTEN: dr FLP van Sonderen, dr R Sanderman 
Steverink N (1995) Zo lang mogelijk zelfstandig: naar een verklaring van verschillen ten 
aanzien van opname in een verzorgingstehuis onder fysiek kwetsbare ouderen.  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr TAB Snijders, prof dr J Ormel 
Uitenbroek DG (1995) Exercise behaviour.  
  PROMOTOR: prof dr WJA van den Heuvel 
Linden-van den Heuvell GFEC van (1994) Voorbereiding op medische ingrepen.  
  PROMOTOR: prof dr EC Klip 
Linschoten CP van (1994) Gezondheidsbeleving van ouderen: een Iongitudinale studie.  
  PROMOTOR: prof dr WJA van den Heuvel.  
 CO-PROMOTOR: dr J Ormel 
Oosterhuis A (1994) De gedragstherapeutische behandeling van slaapklachten.  
  PROMOTOR: prof dr EC Klip 
Ranchor AV (1994) Social class, psychosocial factors and disease: from description 
towards explanation. 
  PROMOTORES: prof dr WJA van den Heuvel, prof dr AP Buunk.  
 REFERENTEN: dr R Sanderman, dr J Bouma 
Reitsma B (1994) The end of the line? Evaluation of a multidisciplinary team approach to 
chronic pain. 
  PROMOTORES: prof dr EC Klip, prof dr JWF Beks, prof dr JP Hennis 
Gerritsen JC (1993) Onafhankelijkheid van ouderen: mogelijkheden en voorwaarden.  
  PROMOTOR: prof dr WJA van den Heuvel 
Heyink JW (1992) Levertransplantatie: psycho-sociale aspecten.  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr MJH Slooff.  
 REFERENT: dr Tj Tijmstra  
Sonderen FLP van (1991) Het meten van sociale steun.  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr FN Stokman.  
 REFERENT: dr J Ormel 
Kempen GIJM (1990) Thuiszorg voor ouderen: een onderzoek naar de individuele 
determinanten van het gebruik van wijkverpleging en/of gezinsverzorging op 
verzorgend en huishoudelijk gebied.  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr W Molenaar.  
 REFERENT: dr ThPBM Suurmeijer   148 
Sanderman R (1988) Life events, mediating variables and psychological distress: a 
longitudinal study.  
  PROMOTORES: prof dr WJA van den Heuvel, prof dr PE Boeke, prof dr PMG 
Emmelkamp.   
 REFERENT: dr J Ormel 
 
Public Health and Public Health Services Research 
Lege W de (2002) Medische consumptie in de huisartspraktijk op Urk. 
  PROMOTORES: prof dr D Post, prof dr JW Groothoff 
Hoekstra EJ (2002) Arbeidsbemiddeling met behulp van Supported Employment als 
interventie bij de reïntegratie van chronisch zieken; de rol van de 
arbeidsbemiddelaar, chronisch zieke en werkgever. 
  PROMOTORES: prof dr JW Groothoff, prof dr K Sanders, prof dr WJA van den Heuvel, 
prof dr D Post  
Enk JG van (2002) Determinants of use of healthcare services in childhood. 
  PROMOTORES: prof dr D Post, prof dr AJP Veerman, prof dr WJA van den Heuvel 
Gecková A (2002) Inequality in health among Slovak adolescents.  
  PROMOTORES: prof dr D Post, prof dr JW Groothoff.  
 REFERENT: dr JP van Dijk  
Dijk JP van (2001) Gemeentelijk gezondheidsbeleid; omvang en doelgerichtheid. 
  PROMOTORES: prof dr D Post, prof dr M Herweijer, prof dr JW Groothoff 
Middel LJ (2001) Assessment of change in clinical evaluation. 
  PROMOTOR: prof dr WJA van den Heuvel.  
 REFERENT: dr MJL de Jongste 
Bijsterveld HJ (2001) Het ouderenperspectief op thuiszorg; wensen en behoeften van 
ouderen ten aanzien van de thuis(zorg)situatie in Friesland. 
  PROMOTORES: prof dr D Post, prof dr B Meyboom-de Jong.  
 REFERENT: dr J Greidanus 
Dijkstra GJ (2001) De indicatiestelling voor verzorgingshuizen en verpleeghuizen. 
  PROMOTORES: prof dr D Post, prof dr JW Groothoff 
Dalen IV van (2001) Second opinions in orhopaedic surgery: extent, motives, and 
consequences.  
 PROMOTORES: prof dr JR van Horn, prof dr PP Groenewegen, prof dr JW Groothoff 
Beltman H (2001) Buigen of barsten? Hoofdstukken uit de geschiedenis van de zorg aan 
mensen met een verstandelijke handicap in Nederland 1945-2000. 
   PROMOTORES: prof dr D Post, prof dr AThG van Gennep 
Pal TM (2001) Humidifiers disease in synthetic fiber plants: an occupational health study.  
 PROMOTORES: prof dr JGR de Monchy, prof dr D Post, prof dr JW Groothoff 
Goossen WTF (2000) Towards strategic use of nursing information in the Netherlands.  
 PROMOTORES: prof dr WJA van den Heuvel, prof dr ThWN Dassen, prof dr ir A 
Hasman 
Hospers JJ (1999) Allergy and airway hyperresponsiveness: risk factors for mortality. 
 PROMOTORES: prof dr D Post, prof dr DS Postma, prof dr ST Weiss NCH 
 149 
Wijk P van der (1999) Economics: Charon of Medicine?  
 PROMOTORES: prof dr WJA van den Heuvel, prof dr L Koopmans, prof dr FFH Rutten.  
 REFERENT: dr J Bouma 
Dijkstra A (1998) Care dependency: an assessment instrument for use in long-term care 
facilities. 
 PROMOTORES: prof dr WJA van den Heuvel, prof dr ThWN Dassen 
Tuinstra J (1998) Health in adolescence: an empirical study of social inequality in health, 
health risk behaviour and decision making styles.  
 PROMOTORES: prof dr D Post, prof dr WJA van den Heuvel.  
 CO-PROMOTOR: dr JW Groothoff 
Mink van der Molen AB (1997) Carpale letsels: onderzoek naar de verzuimaspecten ten 
gevolge van carpale letsels in Nederland 1990-1993.  
 PROMOTORES: prof dr PH Robinson, prof WH Eisma.  
 CO-PROMOTOR: dr JW Groothoff.  
 REFERENT: dr GJP Visser 
Mulder HC (1996) Het medisch kunnen: technieken, keuze en zeggenschap in de moderne 
geneeskunde. 
 PROMOTOR: prof dr WJA van den Heuvel 
Dekker GF (1995) Rugklachten-management-programma bij de Nederlandse Aardolie 
Maatschappij B.V.: ontwerp, uitvoering en evaluatie.  
 PROMOTORES: prof dr D Post, prof WH Eisma.  
 CO-PROMOTOR: dr JW Groothoff 
Puttiger PHJ (1994) De medische keuring bij gebruik van persluchtmaskers.  
 PROMOTORES: prof dr D Post,prof dr WJA Goedhard.  
 CO-PROMOTOR: dr JW Groothoff 
Engelsman C & Geertsma A (1994) De kwaliteit van verwijzingen.  
 PROMOTORES: prof dr WJA van den Heuvel, prof dr FM Haaijer-Ruskamp, prof dr B 
Meyboom-de Jong 
Lucht F van der (1992) Sociale ongelijkheid en gezondheid bij kinderen.  
 PROMOTOR : prof dr WJA van den Heuvel.  
 REFERENT: dr JW Groothoff 
  
Research in Evidence Based Medicine  
Pont LG (2002) Assessing the quality of prescribing in general practice. 
  PROMOTORES: prof dr FM Haaijer-Ruskamp, prof dr WH van Gilst, prof dr T van der 
Molen 
Bemelmans WJE (2001) Prevention of coronary heart disease by nutritional interventions. 
Impact of nutritional education in groups and supplementation with alpha-linolenic 
acid.  
  PROMOTOR: prof dr B Meyboom-de Jong.  
 CO-PROMOTOR: dr JF May.  
 REFERENTEN: dr J Broer, dr EJM Feskens, dr FW Siero, dr AJ Smit 
Veninga CCM (2000) Improving prescribing in general practice.  
  PROMOTOR: prof dr FM Haaijer-Ruskamp.  
 REFERENT: dr P Denig   150 
Veehof LJG (1999) Polypharmacy in the elderly.  
  PROMOTORES:  prof dr B Meyboom-de Jong, prof dr FM Haaijer-Ruskamp 
Vries SO de (1998) Management strategies for intermittent claudication.  
  PROMOTOR: prof dr MGM Hunink.  
 REFERENT: dr JB Wong 
Bosch JL (1997) Outcome assessment of the percutaneous treatment of lilac artery 
occlusive disease. 
  PROMOTORES: prof dr MGM Hunink, prof dr WPThM Mall, prof dr L Koopmans 
Dijkers FW (1997) Repeat prescriptions: a study in general practice in the Netherlands.  
  PROMOTORES: prof dr B Meyboom-de Jong, prof dr FM Haaijer-Ruskamp, prof dr AF 
Casparie 
Trigt AM van (1995) Making news about medicines.  
  PROMOTORES: prof dr TFJ Tromp, prof dr FM Haaijer-Ruskamp 
Boerkamp E (1995) Assessing professional services quality: an application in health care.  
  PROMOTORES: prof dr JC Reuijl, prof dr FM Haaijer-Ruskamp 
Denig P (1994) Drug choice in medical practice: rationals, routines, and remedies.  
  PROMOTORES: prof dr FM Haaijer-Ruskamp, prof dr H Wesseling 
Jong-van den Berg LTW de (1992) Drug utilization studies in pregnancy: what can they 
contribute to safety assessment?   
  PROMOTORES: prof dr MNG Dukes, prof dr H Wesseling.  
 REFERENT: dr FM Haaijer-Ruskamp 
Zijlstra IF (1991) De regionaal klinisch farmacoloog.  
  PROMOTORES: prof dr H Wesseling, prof dr FWJ Gribnau, prof dr C van Weel.  
  REFERENTEN: dr FM Haaijer-Ruskamp, dr H Wollersheim 
 
Rehabilitation Programs Research (from 1998 onwards) 
Meijer JWM (2002) The diabetic foot syndrome; diagnosis and consequences. 
  PROMOTORES: prof WH Eisma, prof dr JW Groothoff.  
 CO-PROMOTORES: dr TP Links, dr AJ Smit 
Schoppen T (2002) Functional outcome after a lower limb amputation. 
  PROMOTORES: prof WH Eisma, prof dr JW Groothoff, prof dr LNH Göeken. 
REFERENTEN: dr AM Boonstra, dr J de Vries 
Rommers GM (2000) The elderly amputee: rehabilitation and functional outcome. 
  PROMOTOR: prof WH Eisma.  
 CO-PROMOTOR: dr JW Groothoff  
Halbertsma JPK (1999) Short hamstrings & stretching: a study of muscle elasticity. 
  PROMOTORES: prof WH Eisma, prof dr LNH Göeken.  
 CO-PROMOTOR: dr JW Groothoff.  
 REFERENT: dr ir AL Hof  
Geertzen JHB (1998) Reflex sympathetic dystrophy: a study in the perspective of 
rehabilitation medicine. 
  PROMOTORES: prof WH Eisma, prof dr HJ ten Duis.  
 CO-PROMOTOR: dr JW Groothoff.  
 REFERENT: dr PU Dijkstra NCH 
 151 
Sluis CK van der (1998) Outcomes of major trauma.  
  PROMOTORES: prof dr HJ ten Duis, prof WH Eisma 
 
Research in Motor Behaviour (from 1998 onwards) 
Kamsma YPT (2002) Functional Reorganisation of basic motor actions in Parkinson’s 
disease. Problem analysis, development and evaluation of a compensatory strategy 
training.  
  PROMOTORES: prof dr P Rispens, prof dr WH Brouwer 
Stevens M (2001) Groningen Active Living Model (GALM): development and initial 
validation.  
  PROMOTOR: prof dr P Rispens.  
 REFERENTEN: dr KAPM Lemmink, dr MHG de Greef 
Lettinga AT (2000) Diversity in neurological physiotherapy: a comparative analysis of 
clinical and scientific practices.  
  PROMOTORES: prof dr P Rispens, prof dr PJM Helders, prof dr A Mol 
Heuvelen MJG van (1999) Physical activity, physical fitness and disability in older 
persons.  
  PROMOTOR: prof dr P Rispens.  
 CO-PROMOTORES: dr WH Brouwer, dr GIJM Kempen.  
 REFERENT: dr MHG de Greef 
Berkhuysen MA (1999) Toward tailor-made cardiac rehabilitation: getting at the heart of 
the matters. 
  PROMOTORES: prof dr AP Buunk, prof dr P Rispens.  
 REFERENT: dr R Sanderman   152 
  153 
 
Dankwoord 
 
In 1998 ben ik als assistent in opleiding (AIO) gestart met het 
onderzoeksproject ‘het kind als verkeersslachtoffer’. Hierbij waren zowel de 
disciplinegroep Revalidatie van de Rijksuniversiteit Groningen (RUG), de 
afdeling Heelkunde/Traumatologie van het Academisch Ziekenhuis 
Groningen als het Noordelijk Centrum voor Gezondheidsvraagstukken van de 
RUG betrokken. De samenwerking betekende voor mij kennis maken met 
verschillende invalshoeken en is erg prettig verlopen: er waren geen 
spookrijders en geen rijrichtingen gesloten. Onderzoek doen bleek geen 
eenrichtingsverkeer en daarom wil ik hier een aantal mensen in het bijzonder 
bedanken die mij daarbij gestimuleerd en gesteund hebben. 
 
Allereerst mijn eerste promotor, professor Eisma. Ik wil u zeer danken voor 
uw vertrouwen en de wijze waarop u mij gaandeweg begeleid hebt. U was 
altijd bereikbaar en bereid naar mijn mening en ideeën te luisteren. Dankzij u 
waren er geen obstakels op de weg.  
Mijn tweede promotor, professor ten Duis: uw enthousiasme over het 
onderzoek heb ik erg gewaardeerd. U was steeds bereid mee te denken over 
de opzet en richting van het onderzoek. Al moest ik soms wat wennen aan uw 
grappen, uw scherpe commentaar op mijn stukken heeft zeker tot verbetering 
geleid.  
Heel belangrijk is voor mij ook professor Groothoff geweest. Beste Johan, jij 
hebt me leren zeggen dat ik eigenlijk de projectleider ben, ook al weten de 
anderen dat niet. Dank voor je betrokkenheid, realistische blik, 
methodologische tips, humor en motiverende woorden. Je bent voor mij een 
speciale mentor geworden die ik ook thuis durfde te bellen met vragen over 
het onderzoek of de toekomst. 
Het meest intensieve contact heb ik gehad met mijn dagelijkse begeleidster, 
dr van der Sluis. Corry, van jou heb ik het schrijven van een artikel geleerd. 
Je steunde me op belangrijke momenten, bewaakte de voortgang van het 
project en hield daarbij de praktische uitvoerbaarheid goed in de gaten. Dank 
voor al je uren overleg en het veelvuldig corrigeren van de versies van mijn 
stukken met opbouwend commentaar. 
De leden van de leescommissie, prof. dr. A.J.H. Prevo, prof dr. D. Post en 
prof. dr. O.F. Brouwer, wil ik bedanken voor de snelle beoordeling van het 
manuscript.    154 
Cruciaal voor het onderzoek waren alle kinderen en ouders die mee hebben 
willen werken. Hen wil ik in het bijzonder bedanken voor het invullen van 
alle vragenlijsten en hun bereidheid om hun persoonlijke ervaringen te delen.  
 
Voor het includeren van de patiënten was ik een jaar lang elke ochtend op het 
secretariaat van de Centrale Spoedopvang welkom om ‘het schriftje’ af te 
pakken en statussen in te zien. In mijn zoektocht naar statussen ben ik ook 
veelvuldig bij Jeanette, Roelie en Klari en de afdeling L1VA geweest. Dank 
voor al jullie uitleg, geduld en medewerking! 
 
Na het verzamelen van de data gaat het om het verwerken en dan komt Roy 
Stewart om de hoek kijken. Roy, zonder jou was ik op dit gebied 
waarschijnlijk gestrand. Je was altijd vrolijk en bereid met me naar de 
gegevens te kijken, mij geduldig terug te nemen naar de basis van de 
statistiek en met de meest prachtige voorbeelden ingewikkelde analyses 
duidelijk te maken. Het was goed dat je mij vaak aanzette tot het kritisch 
formuleren van de hoofdvragen van het onderzoek. Heel veel succes met je 
eigen onderzoek. 
 
Belangrijk zijn ook collega’s met wie je even kunt overleggen, van wie je tips 
kunt krijgen en -zo nodig- je frustraties kwijt kunt. In het begin waren er voor 
mij Jannie Kootstra, Simone Schut, Tanneke Schoppen en Hans van der Leur. 
Na een jaar kreeg ik een kamergenoot, Claudia Kruizinga. Dat maakte het 
werk veel leuker. Vervolgens verschenen er meer AIO’s en ‘lotgenoten’. 
Allemaal goede maatjes van mij geworden: Rients Huitema, Sandra Brouwer, 
Bianca Nijhuis, Marije Elferink-Gemser, Anuschka Niemeijer en Wietske 
Kuijer: dank voor al jullie steun en de gezelligheid, ook na werktijd! 
 
Fabiënne en Matthijs: mijn keuze voor jullie als paranimfen is niet toevallig. 
Jullie behoren tot mijn beste vrienden. Fabiënne: allebei vis, samen 
bergwandelen, tegelijk met dezelfde studie begonnen en afgestudeerd en nu in 
hetzelfde jaar promoveren. Thijs: samen onze jeugd en verder. Hoewel je 
maar twee jaar ouder bent dan ik was jouw wijsheid voor mij lange tijd 
onmetelijk…op school durfde je te zeggen ‘je bent nooit uitgeleerd’… heb ik 
dat te letterlijk genomen? Dank voor je tekeningen voor de omslag! 
  155 
Natuurlijk horen in dit dankwoord ook mijn ouders. Lieve Mam en Pap: 
‘what we did, what we found, what we learned’. Twee lieve en belangrijke 
coaches voor mij: jullie zijn geïnteresseerd, geduldig en leven en denken 
altijd mee. 
 
Vanzelfsprekend nog Coen. Je was een belangrijke steun tijdens de laatste 
loodjes: je bracht op de juiste momenten rust en leuke afleiding. Lieve Coen: 
‘tijd om leuke dingen te doen!’.   156 
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Curriculum Vitae 
 
Leontien Sturms werd op 5 maart 1974 in Nairobi, Kenia geboren. Na de 
lagere school in Utrecht en Samoa ging zij naar de Thorbecke 
Scholengemeenschap in Utrecht. Hier behaalde zij in 1992 haar eindexamen 
VWO. Daarna studeerde zij Bewegingswetenschappen aan de 
Rijksuniversiteit in Groningen (RUG) met als differentiatie ‘arbeid en 
gezondheid’. Haar afstudeeronderzoek betrof een PET-scan onderzoek bij de 
Vakgroep Anatomie en Embryologie van de RUG en het PET centrum van 
het Academisch Ziekenhuis Groningen (AZG). De interesse in onderzoek en 
geneeskunde was gewekt. Na uitgeloot te zijn voor de studie geneeskunde 
besloot zij verder het onderzoek in te gaan en van februari 1998 tot en met 
oktober 2002 kreeg zij een aanstelling als assistent in opleiding (AIO) bij de 
disciplinegroep Revalidatie van de RUG. In deze periode werkte zij aan het 
project ‘het kind als verkeersslachtoffer’, gefinancierd door de Stichting 
Achmea Slachtoffer en Samenleving. Dit onderzoeksproject, waarbij de 
disciplinegroep Revalidatie van de RUG, de afdeling Heelkunde/ 
Traumatologie van het AZG en het Noordelijk Centrum voor 
Gezondheidsvraagstukken van de RUG betrokken waren, heeft geleid tot dit 
proefschrift. Vanaf maart 2003 is zij als onderzoeker bij het Traumacentrum 
van het Leids Universitair Medisch Centrum werkzaam.   158 
 